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for  Concrete  Structures,"  The  OCE  Technical  Monitor  was  Mr,  R,  H, 

Barnard , 
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Directors  of  the  WES  during  this  study  and  the  preparation  and 
publication  of  this  report  were  COL  G,  H,  Hilt,  CE,  and  COL  J,  L,  Cannon, 
CE,  Technical  Director  was  Mr,  F,  R,  Brown, 
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CONVERSION  FACTORS,  U.  S.  CUSTOf^ARY  TO  METRIC  (31 ) 
UNITS  OF  MEASUREMENTS 


U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con- 
verted to  metric  (Sl)  units  as  follows: 


Multiply 

inches 

feet 

miles  (U.  S. 
statute) 

square  ii^ches 

square  feet 

cubic  inches 

cubic  yards 

pounds  (mass) 

tons  (short) 

pounds  (mass)  per 
cubic  inch 

pounds  (force) 

kips  (force) 

pounds  (force)  per 
square  inch 

pounds  (force)  per 
square  foot 

kips  (force)  per 
square  inch 

foot-pound-force 

degrees  (angle) 

Fahrenheit  degrees 




23.  h 

0.301+8 

1609. 31+1* 


To  Obtain 

millimetres 

metres 

metres 


6.1+516 

O.O929030I+ 

16.38706 

0.761+551+9 

0.1+535921+ 

907.181+7 

27.6799 

1+.  1+1+8222 
1+.  1*1+8222 
0.006891+757 


square  centimetres 

square  metres 

cubic  centimetres 

cubic  metres 

kilograms 

kilograms 

grams  per  cubic 
centimetre 

newtons 

kilonewtons 

megapascals 


1+7.88026 


newtons  per  square  metre 


6.891+757 


megapascals 


1.355818 

0.0171+5329 

5/9 


joules 

radians 

Celsius  degrees  or 
Kelvins 


* To  obtain  Celsius  (C)  temperature  readings  from  Fahrenheit  (F)  read- 
ings, use  the  following  formula:  C = (5/9)(F  - 32).  To  obtain  Kel- 
vin (K)  readings,  use:  K = (5/9) (F  - 32)  + 273.15- 
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PRECAST  CONCRETE  ELEMENTS  FOR  STRUCTURES  IN 
SELECTED  THEATERS  OF  OPERATIONS 


PART  I : INTRODUCTION 

Background 

1.  Even  though  tactical  concepts  and  combat  techniques  have 
changed  over  the  centuries,  the  engineer  support  mission  to  the  combat 
forces  has  not.  The  U.  S.  Army  engineer's  job  is  still  to  enhance  the 
mobility  of  friendly  forces  while  deterring  the  movement  of  the  enemy. ^ 

How  this  support  has  been  provided  in  the  past  has  changed  with  improved 
engineering  developments.  As  the  technology  of  warfare  advances,  the 
engineer  in  combat  becomes  harder  pressed  to  support  the  deployment, 
rapid  movement,  and  supply  of  the  Army  ground  forces.  The  highly  mobile 
Army  needs  increased  ability  for  rapidly  constructing  and  maintaining 
lines  of  communication  (LOC)  facilities,  such  as  roads,  bridges,  air- 
fields, and  heliports  throughout  the  theater  of  operations  (TO).  The 
Volunteer  Army,  a smaller  force  with  reduced  engineering  resources,  will 
have  a significant  effect  on  such  construction.  This  will  require  im- 

I 

proved  efficiency,  better  training,  better  equipment,  and  better  j 

organized  and  led  troops.  j 

I 

2.  Present  capabilities  in  construction  of  LOC  facilities  are  j 

limited  to  very  basic  conventional  techniques.  In  concrete  construction,  ' 

this  means  building  timber  forms,  mixing,  placing,  and  curing  of  plain 

and  reinforced  concrete,  or  the  use  of  "stick"  construction.  These  con- 
ventional techniques  are  both  time-consuming  and  require  extensive 
logistic  support.  The  concept  of  establishing  designated  engineer  units 
to  construct  prefabricated  structural  elements  in  support  of  LOC  con- 
struction has  not  been  generally  exploited  in  modern  warfare.  In  iso- 
lated instances,  the  concept  has  been  given  limited  trials  in  support 
of  simple  bridge  and  culvert  construction  on  major  road  building,  or  in 
association  with  depot  construction.  The  designs  employed,  however. 
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have  always  been  locally  conceived,  quite  limited  in  application,  and 
with  a minimum  of  quality  control.  Ninety  percent  of  the  Engineer  Con- 
struction Groups  and  Battalions  responding  to  a questionnaire  (Appendix 
a)  indicated  that  concrete  precasting  operations  have  a place  in  Army 
Engineer  TOE  units.  However,  less  than  Uo  percent  indicated  any  prior 
experience  with  either  fabrication  or  erection  of  precast  concrete 
elements.  Obviously,  a need  exists  for  a family  of  prefabricated  struc- 
tural elements  to  be  field  fabricated  in  the  TO  for  use  in  the  rapid 
construction  and/or  repair  of  bridges,  culverts,  retaining  walls, 
loading  docks,  berthing  and  pier  facilities,  and  other  related  struc- 
tures and  appurtenances  for  LOG  facilities. 

3.  Military  bridge  construction  in  a TO  is  generally  limited  to 

structures  of  a semipermanent  type  with  sufficient  capacity  to  carry 

divisional  loads.  Standard  fixed  bridges,  as  referred  to  briefly  in 
2 

TM  5-312,  are  stock  items  available  for  issue  from  Army  supply  centers, 
together  with  component  parts,  necessary  for  erection  of  the  bridge. 

The  term  nonstandard  is  used  to  identify  bridges  constructed  from  raw 
materials  and  designed  to  satisfy  the  requirements  of  a particular  site. 
The  design,  layout,  and  construction  of  nonstandard  highway  and  railroad 
bridges  normally  constructed  in  a TO  are  covered  in  considerable  detail 
in  TM  5-312.  However,  the  majority  of  the  attention  is  directed  to 
timber  and  steel  as  principal  construction  materials. 

4.  The  physical  characteristics  and  properties  of  concrete  mate- 
rials, the  selection  of  concrete  mixture  proportions,  the  design  and 
construction  of  forms,  and  the  procedures  for  the  construction  of  con- 
Crete  structures  are  discussed  in  detail  in  TM  5-742.  Also,  the  use  of 
reinforced  concrete,  including  precasting,  is  discussed  within  the 
limitations  to  which  this  type  of  construction  is  considered  a responsi- 
bility of  engineer  troops. 

5.  The  primary  shortfall  for  use  of  troop-constructed,  prefabri- 
cated concrete  elements,  either  plain,  reinforced,  or  prestressed,  is 
the  lack  of  well-conceived  facility  designs  and  construction  guidance 
permitting  their  employment.  The  solution  to  this  problem  appears  to  be 
well  within  the  state  of  the  art  for  prefabrication  and  use  of  precast 
concrete  structural  elements. 
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Ph.-jectives 

6.  The  objectives  of  the  program  discussed  herein  were  to  develop 
operational  guidance,  engineering  criteria,  and  specific  str^.ctural 
design  for  the  prefabrication  and  effective  use  of  standardized  precast 
concrete  structural  elements  for  use  in  a wide  variety  of  fixed,  delib- 
erate structures  associated  with  TO  facilities. 

Scope 

7.  Literature  was  reviewed  and  consultations  were  held  with  pre- 
fabricators and  erectors  to  determine: 

a.  The  state  of  the  art  of  present  prefabricated  structural 
techniques . 

b.  The  structural  properties,  advantages,  and  disadvantages 
of  the  various  systems  and  elements. 

Materials,  component  configuration,  structural  efficiency,  fabrication 
facilities,  and  erection  equipment  required  were  considered  in  this 
review.  Based  on  this  review,  a plan  is  formulated  for  the  con- 
struction of  a central  concrete  precasting  facility  that  will  minimize 
the  materials,  manpower,  and  equipment  necessary  for  mass  production 
of  selected  structural  elements,  which  can  (a)  be  easily  transported  to 
the  construction  site  by  existing  military  equipment  and  (b)  assembled 
with  a minimum  of  time,  labor,  and  equipment  into  a variety  of  func- 
tional structures. 
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PART  II:  PRECAST  CONCRETE 

Definition 

8.  The  term  "precast  concrete"  is  used  to  describe  products  made 
of  concrete  under  factory  conditions  either  in  a permanent  factory  or  in 
a temporary  casting  yard  on  a construction  site  and  erected  on  site  as 
finished  structural  members. 

9.  The  range  of  precast  concrete  structural  members  in  common 
use  is  very  wide,  e.g.,  bridges,  piles,  culverts,  pipes,  and  floating 
concrete  marine  structures.  Prestressed  concrete  is  especially  well 
adapted  to  precasting  techniques. 


Advantages 


10.  Compared  with  on  site  concrete  construction  some  of  the 

U 

advantages  of  precast  concrete  are  as  follows: 

a.  Construction  will  be  more  rapid,  and  the  structure  is 
available  for  use  in  a shorter  space  of  time. 

b.  Generally  there  will  be  a reduction  in  site  costs  as 
scaffolding  and  other  temporary  supports  will  not  be 
needed  in  such  quantities  (if  at  all)  as  for  on  site  con- 
crete work. 

c_.  There  will  be  considerably  less  on  site  concrete  work, 
thus  reducing  the  demand  for  local  site  labor  and  the 
import  of  local  raw  materials. 

d.  Casting  in  precasting  factories  is  usually  unimpeded  by 
adverse  weather  conditions. 

Units  can  be  made  by  mass  production  methods.  Molds  can 
be  made  to  a precision  not  possible  on  site,  and  more  in- 
tricate work  can  be  carried  out.  However,  since  such 
molds  are  expensive  to  maJce,  a considerable  amount  of 
repetition  in  the  design  is  necessary  for  their  use 
to  be  economical. 

f^.  Units  can  be  made  to  a good,  even  excellent,  standard  due 
to  the  use  of  a trained  and  specialized  labor  force  work- 
ing under  factory  conditions;  also,  units  may  be  cast  in 
the  most  favorable  orientation  to  simplify  shuttering 
and  to  obtain  improved  finishes  on  the  most  important 
faces  of  the  units. 
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Factory  sites  are  usually  selected  considering  the 
availability  of  labor,  the  ready  supply  of  good  quality 
aggregates,  and  other  materials. 

ti.  The  finished  product  can  be  inspected  before  it  is 
erected  and  can  be  rejected  for  any  substandard  work 
before  incorporation  in  the  structure. 

2^.  Certain  structures,  if  required,  can  be  dismantled  and  re- 
erected elsewhere. 

Disadvantages 


11.  The  disadvantages  of  precast  concrete  are  summarized  as 
follows : 

Skill  is  required  to  design  and  detail  a joint  that  can 
be  easily  formed  on  site  while  at  the  same  time  providing 
the  necessary  strength. 

Some  additional  reinforcement  and  fittings  may  be  required 
for  handling,  transporting,  and  erection.  It  has  to  be 
appreciated  that  a precast  concrete  member  must  be  de- 
signed not  only  to  function  as  part  of  a total  structure 
but  also  to  withstand  the  stress  conditions  pertaining 
to  handling,  transport,  and  erection. 

c_.  If  a large  number  of  units  are  required  or  if  they  are 
large  in  size,  problems  can  arise  concerning  storage 
areas,  transportation,  and  erection  costs. 

Precasting  tends  to  be  less  suitable  for  structures  with 
irregular  features.  To  obtain  the  greatest  economy  from 
precision  molds,  there  shotild  be  a high  degree  of 
repetition. 

The  size  and  weight  of  precast  concrete  units  must  be  re- 
stricted as  they  all  have  to  be  lifted  and  placed  in 
position  by  some  means.  The  lifting  capacity  and  range 
of  cranes  available  can  govern  the  size  and  weight  of  the 
units. 
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PART  III:  CONCRETE  BRIDGE  STRUCTURES 

12.  Precast  concrete  construction  provides  a rapid  and  economical 
method  for  erecting  new  bridges  and  for  repairing  or  replacing  existing 
structures.  This  is  possible  because  precast  construction  eliminates 
most  falsework  and  shoring  at  the  bridge  site  and  requires  only  a small 
erection  crew.  Precast  construction  is  particularly  advantageous  in 
isolated  places  where  labor  and  materials  are  not  readily  available. 

This  is  particularly  true  of  those  designs  that  require  no  cast-in-place 
concrete. 

13.  Highway  bridges  involving  varying  degrees  of  precast  construc- 
tion form  the  majority  of  those  described  in  this  report,  just  as  they 

^ form  the  majority  of  the  bridges  being  constructed.  However,  railway 

and  logging  bridges  and  elevated  urban  highways  are  also  reviewed  in  a 
limited  manner.  An  attempt  was  made  to  obtain  a representative  cross 
section  of  bridge  types;  however,  considering  the  large  field,  many  im- 

I portant  structures  have  necessarily  been  omitted  from  discussion. 

Highway  Bridges 

' lU.  By  far  the  greatest  percentage  of  highway  bridge  super- 

structures encountered  in  American  practice  is  of  simple  span,  precast, 
prestressed  girder,  and  cast-in-place  deck  slab  construction  (Figure  l). 
The  precast  concrete  industry  produces  a variety  of  precast  shapes  for 
bridge  cons&ruction  including  I-sections,  slabs  (solid  and  hollow), 
channels,  boxes,  and  tees.  These  sections  may  be  of  reinforced,  pre- 
tensioned, or  posttensioned  concrete  or  combinations  of  these  types. 

While  each  section  has  inherent  advantages,  availability  and  local 
economic  factors,  as  well  as  span  length,  often  significantly  influence 
the  final  selection  of  a particular  section.  While  the  majority  of 
bridges  discussed  herein  are  of  prestressed  concrete,  some  reinforced 
concrete  bridges  will  be  included  since  they  are  likely  to  be  more 
economical  for  very  short  spans.  Some  typical  plans  for  precast  con- 
crete highway  bridges  are  given  in  Appendix  G. 

15.  It  is  difficult  to  classify  highway  bridges  according  to  ^pan 


Figure  1.  Typical  prestressed  concrete  bridge 

lengths  since  there  is  no  definite  line  of  demarcation  between  short, 
moderate,  and  long  spans.  For  example,  Libby^  arbitrarily  assumes  short- 
span  bridges  to  have  a maximum  span  of  U5  ft,*  whereas  Gerwick^  considers 
bridge  spans  up  to  lUo  ft  as  short  spans.  Therefore,  for  the  purposes 
of  this  discussion,  the  more  common  types  of  bridge  structures  will  be 
classified  according  to  the  type  of  precast  element  used. 

Precast  slab  bridges 

16.  Prestressed  solid  slab  elements  are  generally  economical  for 
use  on  spans  up  to  about  30  ft.  Such  pretensioned  elements  are  usually 
precast  3 to  ft  wide  with  shear  keys  cast  in  the  sides  (Figure  2). 

After  erection  and  grouting  of  the  longitudinal  shear  keys,  the  slabs 
are  topped  with  a wearing  surface  and  leveling  course.  This  topping  can 
be  a bituminous  material  or  Portland  cement  concrete. 

IT.  Prestressed  hollow-core  slabs  (Figure  2)  are  used  in  bridges 
with  spans  approximately  30  to  80  ft.  Such  slabs  generally  have  either 
round  or  square  voids.  The  elements  may  be  precast  in  any  desirable 
depth  and  width;  however,  a depth  up  to  about  30  in.  and  a width  of  3 ft 
are  most  common.  Similar  to  solid  slabs,  grouted  shear  keys  are  used, 

* A table  of  factors  for  converting  U.  S.  customary  units  of  measure- 
ment to  metric  (Sl)  units  is  given  on  page  5- 
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Figure  2.  Typical  sections  of  pretensioned  slab  bridges 

and  some  type  of  leveling  course  is  normally  required. 

18.  As  in  the  reinforced  concrete  bridges,  a transverse  tie  is 
required  to  maintain  proper  alignment  of  the  slab  elements  and  ensure 
proper  distribution  of  the  live  load  between  the  elements.  Slab  elements 
are  frequently  fabricated  with  small  transverse  holes  through  the  ele- 
ments to  allow  insertion  of  threaded  steel  tie  bars  normally  extending 
from  one  side  of  the  bridge  to  the  other.  Nuts  are  then  placed  and 
tightened  at  each  end  of  the  tie  bar.  Occasionally,  the  transverse  tie 
consists  of  a posttensioning  tendon  that  is  placed,  stressed,  and  grouted 
after  the  slabs  are  erected. 

19.  Construction  advantages  of  slab  bridges  include  very  simple 
details  and  formwork  that  are  applicable  to  and  favor  plant  fabrication 
methods.  Precast  elements  are  normally  placed  by  mobile  cranes,  and 
since  no  falsework  is  required,  time  and  personnel  required  for  field 
erection  are  at  a minimum. 

20.  A precast  reinforced  concrete  slab  bridge  developed  by  the 

7 

South  Carolina  Highway  Department  requires  no  cast-in-place  concrete, 
an  important  consideration  in  some  situations.  Four  5-ft-wide  interior 
units  and  two  2-ft-wide  exterior  ciirb  and  handrail  units  are  used  to 
obtain  a 22-ft  roadway,  curb  to  curb.  Spans  up  to  lii  ft  have  been  built 
with  an  8-l/lt-in.  slab  thickness  (Figure  3),  and  for  this  case,  interior 
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a.  Cutaway  View  of  Curb  and  Interior 
Sections  at  Support 


■felS*,,  22'~0"  curb  to  curb 


1 

-M 

0 

1 

"fO 

— 

1 

Symmetrical  obout  <.x< 
^1-in.rd.  tiered  j 

1 A 

; 

1 1 

mi 

Point  bolts  j 
and  washers-/ 
Pier  or  pile  cop^ 

r 

2-C 

1 

• 

A ^ 

V 

5-0" 

1 

1 

l[s 

5'-0" 

1 

3 

\A. 

« 

— n 
1 

J 

A 

»-o"_ 

b.  Transverse  Section 


Figure  3.  Precast  concrete  slab  bridge 
developed  by  the  South  Carolina  Highway 
Department  (courtesy  of  Portland  Cement 
AssociationT) 
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and  exterior  units  each  weigh  T200  and  6300  lb,  respectively.  One  com- 
plete span  of  the  bridge  deck  is  cast  at  once  but  is  separated  for  han- 
dling purposes  into  individual  units  by  longitudinal  dividing  strips  of 
10-gage  sheet  metal  bent  in  a <^shape.  The  units  are  erected  at  the 
bridge  site  in  the  same  relative  positions  they  occupy  in  the  casting 
yard  so  that  the  joints  fit  closely  and  provide  satisfactory  lateral 
transfer  of  shear.  Obviously,  this  method  of  precasting  does  not  pro- 
vide interchangeability  of  parts. 

21.  When  all  units  are  in  position  at  a pier,  a 1-in.  steel  rod 

is  inserted  through  the  transverse  holes  (Figure  3),  and  the  threaded  rod 
ends  are  tightened  to  tie  the  entire  roadway  together.  This  figure  also 
shows  that  the  slab  \inits  are  connected  to  precast  concrete  pile  caps 
with  dowels . 

22.  Figure  U illustrates  a design  developed  by  the  Nebraska  State 
Highway  Department  in  which  the  individual  slabs  are  formed  with  hollow 
cores  to  provide  a reduction  in  weight.  Each  unit  has  two  cylindrical 
hollow  cores  that  extend  through  its  entire  length  and  cause  approximate 
reductions  of  35  percent  in  the  cross-sectional  area  but  only  10  percent 

J 

in  the  moment  of  inertia  of  the  concrete  section.  The  l6-ft  span,  pre- 
cast reinforced  concrete  bridge  design  is  based  on  American  Association 

O 

of  State  Highway  Officials  (AASHO)  H15-^^  loading  (Appendix  B).  The 
deck  consists  of  seven  precast  units,  each  1 ft  6-1/2  in.  deep.  Outside 
units  are  3 ft  3 in.  wide;  interior  units  are  3 ft  wide  with  each  weigh- 
ing approximately  7300  lb. 

23.  Shear  keys  and  transverse  tie  rods  are  provided  for  lateral 
distribution  of  superimposed  loads.  One  tie  rod  is  located  at  midspan, 
and  the  other  two  are  approximately  6 ft  either  side  of  midspans.  Slab 
units  are  connected  to  concrete  pile  caps  through  welding  of  the  rein- 
forcement and  use  of  cast-in-place  concrete  (Figure  U). 

Precast  channel  bridges 

2h,  Precast  units  of  channel-shaped  sections  have  been  used  exten- 
sively for  short-span  bridges  to  obtain  greater  strength  with  a minimum 
7 

of  dead  weight.  Channel  girders  (Figiue  5),  both  reinforced  and  pre- 
stressed, are  being  widely  used  in  various  parts  of  the  country. 
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Figure  5-  Precast  channel  girder 

particularly  for  bridges  on  secondary  roads.  Design  is  based  on  the 
assumption  that  a pair  of  adjacent  ribs  -will  act  as  one  unit.  Shear  keys 
and/or  transverse  tie  rods  distribute  the  loads  laterally.  Thus,  the 
load  carried  by  each  element  is  less  than  a full  vheel  load,  making 
possible  an  economical  design  with  no  sacrifice  of  rigidity. 

25.  The  State  Aid  Division  of  the  Mississippi  State  Highway 
Department  (MSHD)  makes  extensive  use  of  precast  reinforced  concrete 
channel  girders  for  a 19-ft  span  bridge.  This  reinforced  concrete 

O 

bridge  is  designed  for  AASHO  loading  H15-^^  with  a 26-ft  6-in.  clear 
roadway  (Figures  6-8).  This  superstructiire  is  designed  for  use  with 
timber  or  steel  piling,  and  not  only  the  channels  but  also  all  ele- 
ments of  the  superstructure  are  precast. 

26.  The  State  Aid  Division  of  MSHD  also  uses  a similar  channel 
section  of  precast,  prestressed  concrete  designed  according  to  AASHO 
loading  HI 5-^^  for  a 31-ft  span  (Figures  9-ll).  Two  1-in.  stressteel 
tendons  in  each  leg  of  the  channel  are  used  for  prestressing.  After  the 
concrete  has  reached  a minimum  strength  of  3,000  psi,  a prestressing 
force  of  60,000  lb  is  applied  to  the  two  top  tendons  only  for  handling 
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purposes,  and  the  slabs  are  removed  from  the  forms.  After  the  concrete 
has  reached  a minimum  strength  of  ^,200  psi,  the  total  initial  pre- 
stressing force  of  90,700  lb  is  applied  to  each  of  the  tendons.  As  was 
the  case  for  the  reinforced  concrete  span,  all  elements  of  the  super- 
structure are  precast. 

27.  In  construction,  a precast  pile  cap  is  placed  on  top  of 
either  steel  or  timber  piles  and  connected  to  the  piles  with  dowel  pins 
driven  through  a hole  in  the  pile  cap  into  the  top  of  the  wooden  piling 
(Figure  11a).  In  the  case  of  steel  piling,  the  pile  cap  is  connected 
using  fillet  welds  between  the  piling  and  bearing  plates  precast  in  the 
pile  cap  (Figure  11b). 

28.  Channel  girders  are  positioned  on  the  pile  cap;  after  proper 
alignment  has  been  obtained,  pins  are  placed  in  the  holes  (Figure  ll), 
and  all  holes  in  the  girders  and  caps  are  grouted.  The  elements  are 
tied  transversely  by  bolting  the  legs  of  adjacent  channels  together. 
Longitudinally,  all  channel  ends  are  also  bolted  together.  After  bolt- 
ing, all  keys  are  grouted  before  traffic  use;  no  leveling  or  wearing 
course  is  normally  required. 

29.  The  North  Carolina  State  Highway  Commission  tried  several  pre- 
cast channel  type  bridges  that  required  cast-in-place  composite  concrete. 
After  several  attempts,  they  decided  that  for  their  "county  road"  bridge, 
they  needed  a type  of  bridge  that  could  be  installed  anywhere  without 
depending  on  cast-in-place  concrete.  The  resultant  bridge  is  known  as 
the  Standard  BMD-13^  and  is  normally  cast  on  a lU-in.  double-tee  bed. 

30.  The  BMD-13  bridge  is  a simple  bridge,  which  has  been  used  for 
HIO  and  HI5  traffic  with  a 24-  to  29-ft  roadway  width  and  a 30-ft 
overall  length  (Figure  12).  It  consists  of  eight  interior  precast,  pre- 
stressed channels  and  two  edge  sections  of  the  same  design  with  a ciirb 
added  over  the  outer  flange.  The  deck  is  cast  monolithically  with  the 
web  of  the  channel.  A triangular  tongue  and  groove  arrangement  provides 
for  transverse  shear  transfer.  The  bridge  has  been  the  subject  of  re- 
search and  full-scale  testing  by  North  Carolina  State  University.  Some 
of  the  results  of  this  research  have  been  presented  in  Reference  9* 

31.  Connection  details  are  less  sophisticated  than  those  shown 
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previously  as  used  by  the  State  Aid  Division  of  MSHD.  A precast  pile 
cap  is  placed  on  top  of  timber  piles  and  connected  to  the  piles  with  a 
pin,  which  is  driven  through  a hole  in  the  pile  cap  into  the  top  of  the 
wooden  pile.  This  connection  does  not  prevent  uplift,  but  this  may  not 
be  a problem  with  the  heavy  dead  load.  The  pile  cap  is  precast  with 
lugs,  which  prevent  the  deck  from  crawling  off  the  cap  under  extended 
use.  No  welds,  hinges,  rollers,  bearing  pads,  etc.,  are  required.  The 
bridge  is  posttensioned  transversely  by  three  7/l6-in.  strands,  extending 
from  one  side  of  the  bridge  to  the  other,  tensioned  to  18,900  lb  each. 

32.  The  composite  U-beam  construction  system  developed  and 
evaluated  in  Missouri^^’^^  uses  what  are  essentially  inverted  channels. 
The  system  consists  of  a series  of  precast,  prestressed  U-beams  set  side 
by  side  on  supporting  bent  beams  or  abutments.  The  legs  of  the  U-beams 
extend  upward  with  corrugated  metal  arches  fitted  between  them  to  serve 
as  stay-in-place  forms  for  the  cast-in-place  top  slab.  The  resulting 
bridge  deck  is  very  similar  to  a multicell  box  superstructure.  Fig- 
ure 13  presents  a typical  cross  section  of  the  composite  U-beam  bridge 


Figure  13.  Typical  cross  section  of  the  composite 
U-beam  bridge  deck  (from  Reference  10) 


deck.  The  variation  in  beam  depth  (Figure  li*)  will  accommodate  AASHO 
HS20-UU  loading  over  a span  range  of  approximately  30  to  80  ft  depending 
upon  the  thickness  of  the  cast-in-place  top  slab. 
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Figure  lU.  U-beam  dimensions  and  details  (from 
Reference  10) 

33.  Estimated  costs  of  the  U-beam  system  were  compared  with 
actual  costs  of  three  typical  bridge  structures  selected  to  give  a rep- 
resentative range  of  span  length  and  to  consider  the  most  common  types 
of  bridge  superstructures  used  for  shorter  spans  in  the  Missouri  highway 
system.  From  the  prices  listed  in  Figure  15,  it  can  be  seen  that  for 
the  shorter  span  bridges,  A-2l4l  and  A-2039,  the  cost  of  the  original 
superstructures  exceeds  the  average  estimated  cost  of  the  U-beam  system 
by  10  and  13  percent,  respectively.  However,  the  estimated  average  cost 
of  the  U-beam  system  for  bridge  A-2itl6  is  about  21  percent  less  than  the 
actual  cost  of  the  original  voided  slab  superstructure.  Therefore,  the 
U-beam  system  would  appear  to  have  an  economic  advantage  for  medium-span 
ranges. 
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3^.  Channel  stringers  with  a depth  of  3 ft  5 in.  were  effectively 

12 

used  to  span  95  ft  on  the  Ardrossan  grade  separation  structure  in 
Alberta,  Canada.  The  38-ft-wide  bridge  is  designed  to  carry  HS20  load- 
ing across  spans  of  103  ft.  The  center  support  (Figure  l6)  is  a two-leg 


i 

i 

1 


Figure  l8.  Channel  stringer  details  (from 
Reference  12) 


Precast  box  beam  bridges 

35.  Precast,  prestressed  box  beams  have  been  accepted  by  engi- 

13  lU 

neers  for  many  applications  with  a span  range  of  20  to  120  ft.  ’ 

These  beams  are  generally  used  in  two  basic  types  of  highway  structures, 
one  where  the  top  slab  at  the  box  is  designed  to  carry  fiill  wheel  loads 
and  is  the  deck  slab  with  or  without  a wearing  surface,  and  the  other 
where  a cast-in-place  slab  is  placed  integrally  with  the  beams  to  pro- 
vide a composite  section.  Typical  cross  sections  for  the  two  types  of 
beams  are  shown  in  Figure  19.  Initially,  box  beams  were  used  almost 
exclusively  in  adjacent  box  beam  bridges;  however,  they  have  also  found 

use  in  spread  box  beam  bridges  (Figure  20). 

13 

36.  According  to  Bender  and  Kriesel  the  advantages  of  noncom- 
posite and  composite  box  beams  are  as  follows: 

a.  Noncomposite. 

(1)  Far  less  construction  time  is  required;  therefore, 
roads  can  be  opened  to  traffic  quickly. 

(2)  Less  field  labor,  supervision,  and  inspection  are 
required. 
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a.  Noncomposite  box  beam  b.  Composite  box  beam 

Figure  19.  Typical  cross  sections  for  box  beams  (from  Reference  13) 


b.  Adjacent  box 

Figure  20.  Box  beam  bridge  config^lration 
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1(3)  An  excellent  depth-to-span  ratio  provides  more 

clearance  or  more  waterway  opening  than  most  other 
I bridge  types. 

(U)  Good  load  distribution  is  achieved  through  the 
grouted  keyways. 

(5)  A closed  bottom,  inherent  with  all  boxes,  gives  a 
shallow,  clean  look  to  the  structure. 

b.  Composite. 

(1)  Quick  construction  compared  to  many  types  of  struc- 
tures. Even  though  the  composite  slab  must  be  site 
cast,  no  formwork  is  required  and  no  diaphragms  are 
necessary.  Transverse  ties  are  normally  omitted. 

(2)  The  reinforced  concrete  slab,  with  approximately  2 lb 
of  reinforcing  steel  per  square  foot,  provides  ex- 
cellent load  distribution.  The  final  result  is  a 
monolithic  struct\ire  through  bond  and  stirrup  shear 
ties. 


(3)  Continuity  can  be  achieved,  as  illustrated  in  Fig- 
ure 21,  often  resulting  in  further  depth  reduction, 
and  always  providing  a closed  Joint  over  piers. 


Figure  21.  Continuous  Joint  detail 
(from  Reference  13) 

37*  The  alignment  of  a portion  of  Interstate  Highway  8T  through 
Connecticut  traverses  a swamp  containing  very  soft  peat  and  organic 
silts  approximately  60  ft  in  depth  and  3000  ft  in  length. Normal  con- 
struction procedures,  such  as  removal  and  replacement  of  the  unsuitable 
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material  or  use  of  sand  drains,  were  not  considered  practical.  Therefore, 
it  was  proposed  that  the  swamp  be  crossed  on  a low-level,  modular  struc- 
ture, which  could  be  assembled  rapidly  and  also  serve  as  a work  platform 
for  pile  driving  and  erection  equipment  while  it  was  being  built.  Pre- 
cast piles,  pile  caps,  abutments,  and  prestressed  concrete  box  beams 
overlain  with  a i+-in.  mesh  reinforced  concrete  wearing  surface  (Fig- 
ure 22)  were  selected  for  preliminary  design.  Span  lengths  of  50  ft 
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18  PRESTRESSED  CONCRETE  BOXES 
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Figure  22.  Typical  section  of  1-87  roadway  looking  south 
(from  Reference  15) 

were  determined  by  using  the  loading  diagram  for  a crane,  which  weighed 
^3^,000  lb  with  an  80-ft  beam.  Proceeding  with  a normal  design  for 
HS20  loading  (Figure  23)  indicated  the  need  for  a deeper  box  section  or 
a composite  section.  Since  a it-in.  concrete  wearing  sirrface  was  already 
planned,  the  addition  of  reinforcing  steel  made  it  a structural  slab. 

The  composite  action  between  the  box  girders  and  slab  was  achieved  by 
using  an  enoxy- poly sulfide  bonding  compound. 

38.  Increased  unsupported  pile  lengths  that  were  encountered 
during  construction  made  it  necessary  to  distribute  the  horizontal 
forces  over  five  bents  by  making  the  superstructure  continuous  over 
four  spans.  Continuity  was  achieved  throiigh  cast-in-place  concrete 
diaphragms  at  the  fixed  piers  (Figure  2k)  and  with  the  addition  of 
steel  bars  in  the  structural  slabs  of  each  fixed  pier. 


31 


Rectangvilar-Rirder  bridges 

39-  The  deck  of  the  Baker  River  Bridge  in  Washington  is  composed 

of  precast  slabs  and  precast  beams  integrated  by  cast-in-place  longitud- 
7 

inal  joints.  A modification  of  the  design  used  for  this  bridge  is 
shown  in  Figure  25.  The  design  loading  of  HS20-i+i+  was  used  for  the 
26-ft  loading  and  multiple  25-ft  spans  supported  by  pile  bents.  The 
superstructiire  is  entirely  precast  reinforced  concrete  with  the  excep- 
tion of  the  concrete  required  in  the  joints. 

Uo.  The  precast  reinforced  concrete  beams  are  designed  as  simply 
supported,  rectangular  beams  for  dead  load  and  as  T-beams  for  live  load 
These  beam  units  weigh  approximately  6300  lb  each  and  are  10  in.  wide. 
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Figure  25.  Bridge  deck  of  precast  beams  and  slabs  (courtesy  of 
Portland  Cement  Association  ) 
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2 ft  deep,  and  2h  ft  11  in.  long.  Between  any  two  beams,  one  span  of  the 
deck  consists  of  three  precast  slabs,  each  approximately  8 ft  U in.  long, 
1+  ft  2-1/2  in.  wide,  and  6 in.  deep.  These  deck  slabs,  weighing  approxi- 
mately 3100  lb  each,  are  designed  as  simple  spans  between  beams  for  both 
dead  and  live  loads. 

Ul.  Figure  26  shows  the  erection  of  a bridge  in  Spokane  County, 
Washington,  some  features  of  which  are  similar  to  the  design  used  for 


Figure  26.  Erection  of  a bridge  of  precast  beams  and 
slabs  (courtesy  of  Portland  Cement  Association  ) 
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the  Baker  River  Bridge.  Here  haunches  on  the  30- ft,  7400- lb  beams 
support  the  deck  slabs.  Precast  slabs  are  5 ft  9-1/8  in.  by  15  ft  by 
5-1/2  in.  thick  and  weigh  6000  Ib."^ 

Precast  tee-girder  bridges 

42.  The  single-tee  girder  is  a popular  section  for  bridge  struc- 
tures on  secondary  roads  and  county  or  town  use.  This  is  particularly 
true  in  the  replacement  of  existing  structures  where  speed  in  construc- 
tion, as  well  as  a low  initial  cost,  is  very  important.  In  the  span 
range  studied  (6l  ft),  single-tee  bridges  (Figure  27)  showed  a definite 


Fig\ire  27.  Cross  section  of  single-tee  bridge  (from 

Reference  l6) 


cost  advantage  in  a cost  comparison  made  in  Connecticut  in  the 
early  1960's.^^  The  cost  comparison  was  made  on  actual  bid  prices  on 
vehicular  bridge  structures  with  (a)  steel  stringers  with  cast-in-place 
concrete  slab,  (b)  prestressed  concrete  box  beams  with  asphaltic  wearing 
surfaces,  (c)  AASHO  type  III  I-beams  with  cast-in-place  concrete  slab, 
and  (d)  single  tees  with  cast-in-place  concrete  slab.  According  to 
Curtis, total  costs  per  square  foot  of  deck  were  as  follows: 


System 

Steel  stringers 
Box  beams 
Type  III , I-beams 
Single  tees 


Cost  per  Square  Foot 

$9.15 

7.35 

6.87 

6.4l 
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In  addition  to  vehicular  bridges,  single-tee  applications  include  pedes 

trian  and  material  handling  bridges. 

i+3.  In  1959 j the  Concrete  Technology  Corporation  developed  the 
IT 

bulb-T  section  (Figure  28).  The  wide  top  flange  ensures  lateral 


Figure  28.  Bulb-T  beam  properties 
(from  Reference  17) 


MOMENT  OF 
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stability  for  transportation  and  erection  and  also  simplifies  the  plac- 
ing of  a cast-in-place  concrete  deck  slab. 

The  60-in.  bulb-T  girder  was  used  for  the  Naches  River 
l8 

Bridge,  Yakima  County,  Washington.  This  structure  is  an  example  of 
building  a small  prestressed  concrete  bridge  with  spans  longer  than 
ordinary  by  plant  precasting  the  girders  in  segments  and  posttensioning 
in  the  field.  The  bridge,  designed  for  AA.SHO  HS20  loading,  consists  of 


six  lines  of  precast,  prestressed  concrete  girders  cantilever ing  30  ft 
over  piers,  which  are  155  ft  apart  (Figure  29).  Comparisons  were  made 
between  various  available  precast  girder  shapes  with  results  as  shown 
in  Figure  30. 

U5.  The  girders  had  to  be  hauled  200  miles  over  the  Cascade 
Mountains.  Therefore,  to  simplify  transport  and  handling,  they  were 
detailed  in  three  pieces.  The  two  end  pieces,  each  62  ft  long,  were 
precast  with  ducts  in  place  for  field  prestressing.  The  middle  piece, 
90  ft  long,  was  plant  precast  and  prestressed,  for  its  own  moment 
envelope  plus  ducts  was  included  for  field  prestressing.  The  middle 


36 


PLAN 


Figure  29.  Elevation  and  plan  of  the  bridge  designed  for 
AASHO  HS20  loading  (from  Reference  l8) 
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Figure  30.  Comparison  of  three  120-ft  simple  span 
prestressed  concrete  highway  bridge  girders  (from 
Reference  l8) 


1 


girder  piece  has  a 5-1/2-in.  web;  the  end  pieces,  for  resistance  to 
shear  over  piers,  have  7-in.  webs;  and  the  girder  ends  have  stress  dis- 
tribution end  blocks  (Figure  31 )• 


fN 


MIDDLE  OF  span  ENDS  END  BLOCK 


Figure  31.  Section  of  prestressed  concrete  bulb-T  girder 
(from  Reference  l8) 

16.  The  precast  girder  elements  were  erected  over  piers  and  false- 
work bents;  the  connections  for  posttensioning  and  reinforcing  were  made; 
and  the  Joints,  8-in.  widths,  were  field  cast  with  special  concrete. 

After  joint  curing,  the  three  posttensioning  tendons  were  threaded, 
anchored,  and  stressed.  Then,  the  end  walls  were  formed  and  cast,  fol- 
lowed by  the  intermediate  diaphragms  at  30-  and  38- ft  centers,  the 
1-1/2-in. -thick  roadway  slab,  and  finally  the  curbs  (Figure  32). 

iT-  A single-lane  precast  reinforced  concrete  bridge  developed 
in  England  for  the  temporary  replacement  of  damaged  bridges  is  shown  in 
Figure  33.  To  allow  rapid  emergency  erection,  the  bridge  deck  is 

entirely  precast  with  the  exception  of  the  curbing,  which  may  be  cast- 

7 

in-place  without  interference  to  traffic.  The  deck  for  this  20- ft 
span  consists  of  T-girders  placed  side  by  side  with  <^shaped  joint  be- 
tween adjacent  flanges  to  ensure  proper  fit  at  these  joints;  the  seven 
units  for  one  span  are  cast  together  in  the  same  relative  position  they 
will  have  in  the  completed  structure.  These  joints  are  held  tight  by 
transverse  tie  rods,  which  assist  in  the  lateral  distribution  of  wheel 
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It  BRIDGE 


NEAR  ^ SPAN  NEAR  PIER 

Figure  32.  Roadway  sections  (from  Reference  l8) 


Figure  33-  T-shaped  precast  units  for 
bridge  deck  (courtesy  of  Portland 
Cement  Association  ) 


loads.  At  the  ends  of  the  span,  precast  concrete  blocks  are  fitted  into 
the  openings  between  the  flanges  and  the  bridge  seat  and  are  grouted  to 
create  a solid  abutment  to  retain  the  roadway  fill  and  to  give  additional 
rigidity  to  the  beam  supports.  This  closure  may  also  be  cast-in-place 
concrete. 

Precast  I-girder  bridges 

i*8.  Since  the  I-shaped  girder  is  by  far  the  most  widely  used 
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SECTION 

TYPE  V ream 
90-120  FT  spans 
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SECTION 
type  CI  0EAM 
110-140  FT  spans 


Figiire  3^.  Dimensions  and  section  properties  for  AASHO  standard  bridge 

beams  (from  Reference  1?) 

standards  have  been  accepted  throughout  the  country  although  there  are 
minor  modifications  to  the  dimensions  in  some  states.  These  girders  are 
normally  used  with  a composite  cast-in-place  deck  slab.  Diaphragms, 
either  precast  or  cast-in-place  concrete,  are  used  in  this  type  of  con- 
struction in  order  to  ensure  lateral  distribution  of  the  live  load. 
Span-spacing  capacity  for  these  standard  beams  is  shown  in  Figure  35. 

hg.  Possibilities  of  reduced  costs  and  improved  construction 
schedules  were  important  factors  in  the  selection  of  precast. 
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prestressed  concrete  elements 

for  the  majority  of  Illinois 
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Toll  Highway  bridges.  In  or- 
der to  evaluate  the  performance 
of  a structure  characterized  by 
the  use  of  precast  concrete,  a 
representative  bridge  (Figures 
36  and  37)  was  erected  in  ad- 
vance of  construction  of  the 
rest  of  the  Illinois  Toll  High- 
way. Load  tests  were  conducted 
to  determine  whether  the  assem- 
bly of  precast  elements  behaved 

as  an  integral  slab  and  girder 

, 20 
system. 

50.  Precast,  prestressed  hollow  piles  3 ft  in  diameter  with  a 
wall  thickness  of  U in.  were  used  as  intermediate  supports  between 
bridge  abutments.  After  the  bridge  abutments  and  piles  and  pile  caps 
were  erected,  the  precast,  prestressed  girders  were  positioned  on  the 
structure.  Cross  sections  and  reinforcing  for  the  I-shaped  girders  were 
as  shown  in  Figure  38.  The  next  stage  of  construction  was  to  position 
and  secure  the  precast  concrete  diaphragms.  Precast,  prestressed  slabs 
were  placed  between  girders  (Figiire  39)  to  serve  as  a form  for  the  rest 
of  the  cast-in-place  deck  and  provide  positive  slab  reinforcement.  The 
cast-in-place  concrete  was  not  carried  across  the  supports  to  preserve 
a simple  test  slab.  After  that  phase  of  testing,  the  diaphragms  and  the 
cast-in-place  deck  slabs  over  the  supports  were  then  cast,  completing 
construction.  The  test  structure  was  subjected  to  severe  loads  at  dif- 
ferent stages  of  construction.  The  resulting  girder  and  slab  moments 

were,  in  most  instances,  far  in  excess  of  design  moments  based  on  ASSHO 
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H20  truck  loads  plus  impact.  Based  on  these  test  results,  it  was 

concluded  that  there  was  no  doubt  that  complete  and  positive  composite 

action  between  the  precast  girders,  precast  slabs,  and  cast-in-place 

20 

slab  prevailed  throughout  the  tests. 


Figure  35.  Span-spacing  capacity  for 
standard  beams  (from  Reference  17) 
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elevation 


Figure  36.  Typical  bridge  structure  on  the  Illinois  Toll  Highway  (from 

Reference  19 ) 


Figure  37.  Cutaway  view  of  bridge  construction  (from  Reference  20) 
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a.  70'-5"  GIRDER  b.  42'-10"  GIRDER 

Figiore  38.  I-shaped  girder  cross  sections  and  reinforcing  (from 

Reference  20 ) 


Figure  39-  Deck  details  (from  Reference  19) 

1*3 


I 


51.  During  the  1960's,  many  standardized  highway  bridge  and  grade 
separation  structures  were  built.  Most  of  the  grade  separation  con- 
sisted of  simple  span  structures,  span  I-girders  with  a cast-in-place 
deck  slab.  Typically,  the  spans  were  in  the  50-  to  100- ft  range,  sup- 
ported by  two  end  abutments,  a central  pier,  and  a pair  of  intermediate 
shoulder  piers  (Figiure  Uo).  The  intermediate  shoiilder  piers  are 


Figure  Uo.  Typical  grade  separation  structure 


potential  collision  hazards  and,  therefore,  are  no  longer  permitted  for 
new  construction.  Compliance  with  the  new  safety  standards  on  a two-way, 
fo\ir-lane  undercrossing  requires  a girder  span  of  112  ft  for  a right- 
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angle  crossing,  increasing  to  l60-ft  span  for  a U5-deg  skew  crossing. 

Girders,  in  common  previous  use,  AASHO-PCI  types  III  and  IV,  would  not 

meet  the  longer  span  criteria.  Although  heavier  beams,  types  V and  VI, 

were  proposed,  they  are  too  heavy  to  transport  from  the  precasting  plant 

22 

over  the  highway  to  the  jobsite. 

52.  In  an  effort  to  reduce  effective  girder  spans,  various 

schemes  were  reviewed  (Figure  Ul).  In  addition,  the  PCI  commissioned 

the  consulting  firm  of  T.  Y.  Lin,  Kulka,  Yang,  and  Associates  to  prepare 
23 

a study  on  long-span  prestressed  concrete  bridges.  It  was  concluded 
that  the  transportable  length  is  usually  not  over  100  ft;  therefore,  the 
problem  is  how  to  achieve  l60  to  170  ft  with  100  ft  or  shorter  members. 


a.  INVERTED  A-FRAmE  CENTER  PIER 


£60; 

no- 40; no- 


b.  CANTILEVERED  CENTER  GIRDER 


^60; 

30'  lOO 30 


C.  END  PIERS  EXTENDING  INTO  ROADWAY 

Figure  4l.  Span-shortening  systems  (from  Reference  21 ) 

Furthermore,  the  key  to  the  problem  is  the  details  of  design  and 
construction. 

53.  Longer  spans  are  possible  with  existing  I-girders  by  using 
relatively  short  precast  segments  that  are  easily  transported  to  the 
site  where  they  are  either  preassembled  and  erected,  or  assembled  as 
they  are  being  erected.  In  the  United  States,  segmental  construction 
usually  Joins  larger  elements  than  the  approximately  lO-ft  lengths  used 
in  other  countries  because  of  the  ready  availability  of  larger  equip- 
ment for  hauling  and  erecting.  Obviously  it  reduces  the  fieldwork 
and  falsework  required  for  splice  construction.  For  example,  a UO-ft 
length  of  AASHO-PCI  type  III  beam  with  a deck  strip  8 ft  wide  and  8 in. 

thick  weighs  about  56,000  lb,  which  is  easily  transportable  by  truck  and 
22 

trailer.  Joints  between  the  ends  of  segments  can  be  grouted,  glued 
with  epoxy  resin,  or  left  dry.  Longitudinal  posttensioning  is  used  to 
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transmit  the  moments  across  the  splice.  Reference  23  contains  a compre- 
hensive description  of  splice  designs  and  details. 

5^.  The  combination  of  precast  and  cast-in-place  elements, 
arranged  so  that  posttensioning  of  the  whole  results  in  a rigid  frame 

structure,  provides  an  economical  and  structurally  efficient  concrete 

2k 

bridge.  The  Yakima  River  Bridge  is  a prestressed  concrete,  three-span 

frame  bridge,  composed  of  precast,  prestressed  concrete  girders  in  all 

three  spans  of  120,  190,  and  120  ft,  which  are  integrated  by  means  of  a 

cast-in-place  concrete  deck  and  field  posttensioning  into  a structurally 

continuous  system.  The  total  construction  cost  of  the  bridge  designed 

for  AASHO  HS20  loading  was  $25^,000  with  completion  in  November  1967. 

The  bridge  superstructure  (Figure  i+2)  consists  of  modified  Washington 

State  standard  100-ft  series  precast,  prestressed  concrete  girders  with 

2k 

the  length  of  the  end  spans  and  main  span  85  and  120  ft,  respectively. 


ELEVATION 

Figure  k2.  Elevation  and  sections  of  the  bridge  super- 
structure (from  Reference  2k) 
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They  are  rigidly  connected  into  the  cast-in-place  concrete  boxes  over 
the  piers  in  the  maximum  negative  moment  and  high  shear  regions . Con- 
struction of  the  bridge,  which  required  approximately  7 months,  was  ac- 
cording to  the  sequence  shown  in  Figure  U3. 


STEP  5 CONSTRUCT  CURBS  AND  COMPLETE 


STEP  a 


THREAD  STEEL  PRESTRESSING  TENDONS:  PRESTRESS 

The  entire  bridge 


STEP  3 


CAST  PARTS  OF  spans  CONNECTING  THE 
GIRDERS;  CAST  ROADWAY  CONCRETE 


STEP  2 


ASSEMBLE  FALSEWORK;  ERECT  PRECAST, 
PRESTRESSED  CONCRETE  GIRDERS  IN 
FINAL  POSITIONS 


STEP  1.  CONSTRUCT  ABUTMENTS  AND  PIERS 


Figure  1+3.  Construction  sequence  (from  Reference  21+) 

Rj-ecast  box  girder  bridges 

55.  A n+mber  of  precast,  prestressed  concrete  highway  bridges 
a’ i elevated  roadways  have  been  designed  as  box  forms  with  cantilevered 
deck  slabs.  This  type  of  design  is  frequently  known  as  a spine  beam, 
and  the  basic  section  may  consist  of  a single  cell  or  it  may  be  in  a 
multicell  form  (Figure  1+1+ ).  Such  structures  are  frequently  constructed 
segmentally  either  in  situ  or  by  precasting  short  lengths  of  the  box 
section  and  then  posttensioning  the  segments  together  to  form  the  re- 
quired bridge  structure.  Although  various  site  conditions  have  a strong 
influence  on  the  decision  whether  precasting  should  be  employed  in 


segmental  construction,  one  of  the 
most  important  factors  is  the 
length  of  the  superstructure.  Gen- 
erally, precast  segmental  construc- 

a.  SINGLE-SPINED.  SINGLE  CELL 

tion  is  likely  to  be  economical  for 
long  structures  where  the  savings 
on  formwork  and  the  repetitive 
production  lander  controlled  con- 

b.  SINGLE-SPINED,  MULTICELL 

ditions  offset  the  cost  of  erection 
equipment . 

56,  The  Oosterschelde 
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Bridge  over  the  Eastern  Scheldt 

c.  MULTisPiNED  lu  the  Netherlands  is  an  outstand- 

Figure  11.  Typical  types  of  box  ing  example  of  the  double- 
s Gc t i ons 

cantilever  system  of  bridge  con- 
structions. The  bridge  is  l6,000  ft  long,  composed  of  55  spans  of 
300  ft  each.  It  consists  of  very  large  prestressed  cylinder  piles,  pre- 
cast pier  elements  posttensioned  together,  and  precast  superstructure 
elements  as  shown  in  Figure  I5.  The  superstructure  elements  were  all 
set  from  a traveling  steel  falsework  bridge  that  extended  over  two  and 


Figure  I5.  Elements  of  the  Oosterschelde 
Bridge  (after  Reference  25) 
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one-half  spans  at  a time  (Figure  U6).  Elements  were  hrought  in  under  it 
by  barge,  then  hoisted  in  symmetrical  order  about  each  pier.  The  joints 
were  concreted,  and  the  primary  stressing  was  done  before  the  next 
series  was  hoisted.  In  total,  the  bridge  consumed  170,000  cu  yd  of  con- 
crete. About  85  percent  of  this  was  precast.  Three  different  systems 
were  employed  using  3,300  tons  of  prestressing  steel. 


Figure  16.  Schematic  erection  plan  for  Oosterschelde 
Bridge  (from  Reference  25) 

57-  Considerably  smaller  precast  concrete  segments  were  used  in 
the  construction  of  a private,  medium  span  prestressed  bridge  in 
Mexico.  This  one-lane  bridge  with  a 130-ft  central  span  was  designed 
for  an  AASHO  live  load  of  H15  S-12-14  in  such  a way  that  the  erection 
could  be  performed  without  the  use  of  falsework  or  cranes.  Because  of 
the  limited  budget,  it  was  not  possible  to  secure  adequate  equipment  and 
specialized  personnel  for  the  transportation  of  the  precast  pieces.  In- 
stead, a cableway  was  used  to  position  the  precast  pieces  (Figure  I7), 
which  weighed  1.1  to  6.6  tons.  The  work  can  be  summarized  in  two  stages, 
temporary  construction  stage  and  permanent  stage.  Figure  18  shows  an 
elevation  of  both  stages.  In  this  particular  project,  four  precast 


segments  were  placed  daily,  two  on  each  site  of  the  bridge.  However, 
Cancio  and  Munoz^^  believe  that  it  is  feasible  to  place  eight  segments 
daily,  foiar  on  each  side,  which  would  leave  two  phases  of  the  construc- 
tion stage  ready  for  tensioning  in  only  1 day.  With  the  proper  hauling 
of  segments,  they  believe  it  is  possible  to  mount  the  38  segments  in 
5 days. 

58.  After  the  required  load  tests,  the  functioning  of  the  bridge 
was  found  satisfactory,  and  it  was  opened  to  traffic  in  I963. 

Logging  Bridges 

59«  As  a result  of  the  heavy  logging  and  construction  equipment, 
and  off-highway  logging  trucks  used  in  the  Pacific  Northwest,  it  is  com- 
mon to  build  logging  bridges  for  loads  two  to  three  times  the  standard 
AASHO  HS20  loads.  For  example,  the  entirely  precast  Solleks  River 
Bridge,  230  ft  long  between  supports  (Figure  it9)  and  15  ft  wide  between 
curbs,  was  designed  for  a 75-'ton  truck.  Erection  was  accomplished  by  a 


Figure  h9.  Profile  of  the  Solleks  River  Bridge  (from  Reference  27) 
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1200- ft  span  skyline  similar  to  those  used  in  logging.  The  long  span 
was  dictated  by  the  topography,  an  available  spar  tree,  and  the  need  for 

sufficient  sag  to  carry  loads  up  to 
approximately  20  tons . 

60.  Bridge  construction  began 
with  excavating  for  the  abutments 
and  by  benching  for  the  strut  foot- 
ings. Precast,  prestressed  light- 
weight concrete  struts,  6h  ft  6 in. 
long  and  2 ft  2 in.  square  in  sec- 
tion with  l-ft-5-in. -diam  core,  were 


Figure  50-  Precast,  prestressed 
lightweight  concrete  girder  sec- 
tion (from  Reference  27) 


erected  on  the  lower  pins  and  guyed 
in  the  inclined  final  position.  The 
7T-ft-6-in.  end-span  girders  (Fig- 
ure 50)  were  placed  and  pinned  to 
the  abutments.  Girder  webs  were 


thickened  at  bearing  points  (Figure  51)  to  resist  shear  loads  concen- 
trated there.  The  75-ft  center-span  girders  were  lowered  into  position 


Figure  51-  Bridge  cross  section  at  hinge  and  at 
midspan  (from  Reference  27) 
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to  rest  on  side-span  girders,  which  cantilevered  out  from  the  struts. 

The  three  precast,  prestressed  hulh-T  girders  were  made  continuous  by 
mild  reinforcement.  The  wide  flange  and  thin  edge  of  the  girders  made 
forming  of  the  5-in.  cast-in-place  composite  deck  simple. 

6l.  Precast,  prestressed  girders  made  of  lightweight  concrete 

28 

were  also  used  for  the  Klickitat  River  Bridge‘s  in  Wahkiacus  in  Southern 
Washington.  A clear  span  of  130  ft  provides  a single-lane  roadway 
designed  to  carry  logging  trucks  on  an  HS20  loading.  Four  type  IV 
girders,  modified  by  using  a deeper  web  and  adding  a l*-ft  flange  at  the 
top,  were  used  to  make  a bridge  I6  ft  wide  (Figure  52).  The  girders 


Figure  52.  Cross  section  of  the  Klickitat  River  bridge  girders 

(from  Reference  28) 

(Figure  53)  were  designed  for  four  different  loading  conditions; 

(a)  simple  span,  dead  load,  (b)  cantilever  each  end  22  ft  over  supports 
while  handling  into  position,  (c)  cantilever  one  end  22  ft,  and  (d)  dead 
plus  live  load  for  the  completed  structure. 

62.  The  foiir  girders  were  cast  in  Portland,  Oregon,  and  set  in 
position  in  the  casting  yard  as  they  would  be  placed  in  the  bridge. 

Seven  cross  diaphragms  were  then  formed  simultaneously  on  all  beams. 

The  girders  were  transported  on  flatcars  to  within  500  ft  of  the  bridge 
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42-  1/2"  DIAM 

270-KSI  PRESTRESSING  STRANDS 
F j = 28. SI**  EACH 

Figure  53.  Details  of  the  bridge  girder 
(from  Reference  28) 


site  where  three  cranes  handled  the  erection.  Rods  were  placed  through 
the  diaphragm  (Figure  52),  shear  keys  were  grouted,  and  3-in.  concrete 
deck  slab  was  cast-in-place. 


Railwa.v  Bridges 

63.  As  a result  of  its  inherent  economy,  minimum  maintenance, 
rapid  construction,  and  excellent  appearance,  precast,  prestressed  con- 
crete has  gained  wide  acceptance  for  railroad  bridges.  Specifications 
for  design,  materials,  and  construction  of  prestressed  concrete  struc- 
tures published  in  1965  by  the  American  Railway  Engineering  Association 

(area)  initiated  a new  era  in  railroad  bridge  design.  This  publica- 
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tion,  with  subsequent  supplements,  contains  design  tables  for  the  pre- 
cast, prestressed  box  girders  for  railway  bridges  shown  in  Figure  5^. 

The  design  live  load  is  Cooper  E-T2  (Appendix  C).  The  designs  for  the 
3-  and  U-ft  wide  single-cell  boxes  are  suitable  for  spans  from  26  to 
ft.  The  designs  for  the  three  double-cell  box  widths  are  for  spans 
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from  26  to  50  ft.  Where  vertical 
clearance  is  not  critical,  the 
deeper  boxes  usually  offer  an  eco- 
nom:  idvantage. 

6h.  Prior  to  1965,  numerous 
railroad  bridges  were  built  using 
precast,  prestressed  concrete  I- 
girders  or  box  beams  for  the  super- 
structure. The  early  application 
of  prestressed  oox  girders  was  to 
replace  worn-out  short-span  tim- 
ber trestles,  but  the  struct\iral 
efficiency  of  the  box  section  has 
now  found  its  place  in  medium-span 
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bridges.  A new  78-mile 
Palmdale-Colton  cutoff  line  in 
Southern  California,  opened  to 
traffic  in  1967»  had  some  h2  rail- 
road bridges,  37  of  which  were 
prestressed.  These  prestressed 
bridges  totaled  some  4U00  ft  in 
length  and  had  span  lengths 
ranging  from  20  to  as  much  as 
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86  ft.  Five  of  these  structures  had  steel  girders  spanning  over  high- 
ways and  used  prestressed  girders  in  the  end  spans.  The  prestressed 

girders  consisted  primarily  of  box  girders  (single-  and  double-cell)  and 
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hollow-slab  girders.  According  to  Barton,  precast  girders,  in  prefer- 
ence to  cast-in-place  construction,  were  selected  for  the  Colton  cutoff 
for  the  following  reasons; 

A number  of  the  bridges  were  located  in  the  Mojave  Desert 
where  temperature  conditions  are  extreme.  Field  labor 
was  expected  to  be  available  only  on  a premium  wage  basis. 

b.  Bridges  over  public  roads  could  be  built  without  having 
the  need  for  falsework  and,  in  some  instances,  without 
requiring  detours. 


Figure  Standard  box  girders 

for  railway  bridges  (from  Refer- 
ence 29) 
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c_.  One  of  the  spans  crossed  the  tracks  of  another  railroad. 
Cast-in-place  construction  would  have  been  undesirable 
because  it  would  have  necessitated  temporary  impaired 
clearance . 

Two  of  the  bridges  were  located  in  flood  control  channels . 
Delays  in  completion  of  the  project  could  have  occurred 
with  cast-in-place  concrete , because  falsework  was  pro- 
hibited during  the  flood  season. 

The  engineering  staff  of  the  railroad  preferred  precast 
construction  when  the  project  was  initiated.  However, 
for  the  longest  spans  described  herein,  the  86-ft  span  at 
Rialto  Avenue  in  the  city  of  San  Bernardino,  alternative 
designs  were  prepared  both  for  cast-in-place  as  well  as 
precast  construction. 

Examples  of  the  precast,  prestressed  girders  designed  for  Cooper  E-72 
loading  are  shown  in  Figures  55-57.  These  girders  incorporate  trans- 
verse end  diaphragms  and  intermediate  diaphragms  within  both  the  single- 
cell and  the  double-cell  box  beams. 

65.  All  hollow-cellular  box  girders  were  fabricated  in  Arizona, 
then  shipped  by  rail  to  two  unloading  points , one  at  Palmdale  and  the 
other  at  Colton.  After  transfer  to  trucks,  the  maximum  length  of  haul 
was  about  30  miles.  Unloading  at  the  railroad  siding  and  erection  of 
the  girders  were  accomplished  with  truck  cranes  having  capacities  of  35, 
^55  50,  75 » and  II5  tons.  The  cranes  worked  singly,  and  in  pairs, 
depending  on  the  size  of  the  girder  and  the  access  conditions  at  the 
bridge  sites.  All  girders  were  seated  on  elastomeric  bearing  pads  ex- 
tending the  full  width  of  the  girders.  Keyways  were  grouted  with  an 
epoxy  grout  for  shear  transfer  and  also  to  provide  torsional  rigidity. 

66.  Shallow,  single-cell,  precast,  prestressed  box  girders  were 
utilized  in  an  underpass  (Figure  58)  carrying  Southern  Pacific  Railroad 
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tracks  over  a local  street  in  Fresno,  California.  These  box  girders 
(Figure  59)  were  designed  as  simply  supported  to  carry  a Cooper  E-72 
loading  over  spans  varying  from  51  to  58  ft.  All  prestressed  box  girders 
were  fabricated  in  Sacramento  and  hauled  to  Fresno  by  truck  where  they 
were  erected  in  only  2 days.  After  seating  on  elastomeric  pads  designed 
to  accommodate  vertical  load  and  temperature,  keyways  were  grouted  with 
an  epoxy  grout. 
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6T.  The  Seaboard  Railroad  has  installed  a number  of  concrete 
trestles  using  the  double-box  design  (Figure  60).  The  double-box 


Figure  60.  Seaboard  Railroad  double-box  beams 
(from  Reference  32) 

design  facilitates  erection  since  only  two  beams  are  required  to  form  a 
complete  span.  The  joint  between  the  two  beams  is  at  the  urack  center 
line,  and  no  shear  keys  or  bonding  is  used. 

68.  The  Cement  and  Concrete  Association  of  Australia  published  a 
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report  in  1970  on  precast,  prestressed  concrete  bridge  girders  for 
replacement  of  existing  timber  railway  bridges.  Twenty  existing  bridge 
types,  nine  of  which  are  in  the  United  States,  are  described.  In  addi- 
tion, lU  proposed  bridge  sections  were  considered.  Based  on  this  review 
the  "Standard  A"  type  girder  (Figure  6l)  is  recommended  as  the  best 
design  to  use  for  replacement  of  existing  timber  trestles.  Each  unit 
weighs  28  tons  and  is  designed  for  spans  up  to  39  ft  with  an  E-50  load- 
ing. The  design  depth  of  this  girder  was  selected  to  enable  construc- 
tion of  the  substructure,  pile  caps,  and/or  head  stacks  under  the  exist- 
ing bridge,  yet  still  maintain  the  same  track  alignment.  The  girders 
were  also  designed  to  simplify  the  production  and  speed  of  assembly  on 
the  job. 

^ 3^ 

69.  Renewal  of  the  Southern  Pacific  Company's  Dumbarton  Bridge 

across  San  Francisco  Bay  is  an  example  of  using  prestressed  concrete  to 
replace  portions  of  an  existing  wooden  trestle.  About  a half  mile  of 
the  l-l/2-mile  bridge  was  replaced  with  prestressed  concrete  spans  and 
cylinder  piles.  Maintaining  alignment  and  rapid  completion  of  construc- 
tion without  greatly  delaying  or  interfering  with  rail  traffic  were 
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Figure  6l.  Design  of  the  typical  precast  concrete  box  girder 
section  (from  Reference  33) 


important  considerations  on  this  project.  The  timber  trestle  replaced 
( was  l6  ft  wide  and  supported  on  pile  bents  I5  ft  on  centers.  The  bents 

! were  capped  with  lU-  by  lU-in.  timbers  that  supported  12  longitudinal 

I stringers  spaced  over  the  l6-ft  width. 

TO.  Based  on  results  of  an  investigation  of  soil  subsurface  con- 
ditions, a two-pile  bent — one  piling  driven  to  each  side  of  the  existing 
structure — capped  with  a structural  element  was  selected.  Preliminary 
designs  and  cost  estimates,  including  future  maintenance  costs,  were 
analyzed  for  several  types  of  piling,  caps,  superstructures,  and  span 
lengths.  On  this  basis,  prestressed  concrete  spans  ft  long  and  sup- 
ported on  bents  of  prestressed  concrete  cylindrical  piles  were  selected. 

71.  Precast,  prestressed  concrete  piles  with  a diameter  of  i+8  in. 
and  5-in.  wails  were  chosen  for  the  final  design.  Pile  caps  were 
"binocular-shaped"  in  plan,  6 ft  wide  at  the  ends  to  obtain  full  bearing 
on  the  piling,  and  3 ft  6 in.  wide  in  the  center.  The  caps,  5 ft  3 in. 
deep  and  31  ft  long,  weighed  U5  tons.  The  center  of  each  cap  had  a 
^-ft  by  1-rt  6-in.  blockout  over  the  center  of  each  pile  through  which 
th''  pile  connection  was  made.  To  eliminate  pile  interference,  the  new 
b .3  were  located  midway  between  the  existing  bents.  The  components 
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were  precast  at  a nearby  contractor's  plant,  loaded  directly  on  barges, 
and  brought  to  the  jobsite  as  work  progressed. 

72.  The  deck  units  were  constructed  in  two  halves  from  hollow, 

double-box  units,  6 ft  8-2/5  in.  by  3 ft  6 in.  by  kit  ft  9-3/5  in.  long. 

Web  thicknesses  ranged  from  5 to  8-1/2  in.  The  units  were  designed  for 
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Cooper  E-T2  loading  in  accordance  with  AREA.  The  deck  units  were  pre- 
cast in  Arizona  and  transported  to  the  bridge  site  on  flatcars.  Normal 
rail  traffic  was  diverted  during  working  hours,  and  a trainload  of  deck 
units  was  hauled  onto  the  bridge.  The  existing  rails,  ties,  and  ballast 
were  removed;  then  the  timber  piling  was  cut  off  below  the  new  sub- 
structure. A floating  crane  lifted  out  k5-ft  sections  of  the  timber 
deck.  The  concrete  caps  were  then  swept  clean,  bearing  pads  placed,  and 
dowels  set  in  place.  The  floating  crane  then  moved  the  deck  units  into 
final  position,  placing  them  over  the  dowels.  When  the  second  unit  was 
placed  tightly  against  the  first , an  epoxy  resin  was  poured  in  the  key- 
way to  bond  the  deck  units  together.  Four  panels  (l80  ft  of  bridge) 
were  installed  in  this  manner  each  day. 

73.  Prefabricated  track  panels  were  loaded  onto  a flatcar,  moved 
to  the  construction  site,  then  placed  on  temporary  blocking  on  the  new 
bridge.  After  properly  aligning  and  bolting  each  track  panel  to  the 
previously  installed  tracks,  bailast  was  unloaded  and  the  temporary 
blocking  removed.  The  new  and  original  tracks  were  joined  at  the  end 
of  each  workday,  and  rail  service  over  the  entire  bridge  was  resumed. 


PART  IV:  PRECAST  CONCRETE  PILING 

T^.  Essentially  a pile  is  an  elongated  or  columnar  tody  installed 
in  the  ground  for  the  purpose  of  transmitting  forces  to  the  ground. 

This  is  accomplished  through  hoth  the  frictional  forces  on  the  surface 
of  their  shafts  and  from  direct  hearing  on  their  bases  or  points.  Gen- 
erally, one  of  these  components  predominates,  and  the  pile  is  typed  as 

35 

an  "end-bearing"  or  as  a "friction"  pile. 

75*  Typical  precast  reinforced  concrete  piles  commonly  used  for 
bridge  trestles,  and  occasionally  used  for  buildings,  are  shown  in  Fig- 
ure  62.  When  properly  constructed  and  driven,  precast  concrete  piles 
provide  a permanent  type  of  construction,  even  in  salt  water,  without 
the  need  of  maintenance. 

76.  Since  piles  are  subjected  to  tensile  stresses  during  transpor- 
tation, driving,  and  under  certain  service  conditions,  the  desirability 
of  prestressing  is  evident.  Therefore,  prestressed  concrete  piles  are 
being  extensively  used  throughout  the  world  in  both  marine  structures 
and  foundations.  Most  prestressed  piles  are  precast  in  casting  yards 
where  modern  production  methods  and  quality  control  generally  assure 
high-quality  products.  Prestressed  concrete  piles  have  been  constructed 
in  the  form  of  cylindrical  piles  ranging  from  10  in.  up  to  13  ft  in 
diameter,  as  used  on  the  Oosterschelde  Bridge  in  the  Netherlands,  and 

up  to  260  ft  long,  as  employed  in  offshore  platforms  in  the  Gulf  of 

g 

Maracaibo,  Venezuela. 

g 

77.  According  to  Gerwick,  prestressed  concrete  piles  offer  these 
advantages : 


a. 

Durability. 

b. 

Crack-free  during  handling  and 

driving. 

£. 

High  load-carrying  capacity. 

d. 

High  moment  capacity. 

e. 

Excellent  combined  load-moment 

capacity. 

f. 

Ability  to  take  uplift  (tension). 

E.' 

Ease  of  handling,  transporting, 

and  driving. 

h. 

Economy. 

i 

I 
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Ability  to  take  hard  driving  and  to  penetrate  hard  strata. 
j_.  High  column  strength, 
k.  Readily  spliced  and  connected. 


TURNS 


6"  PITCH 


I 2- PITCH,  I 3 TURNS 


SPIRAL  WIRE 


It- 

20- 

S4- 

*S  1 

4k4 

©OCTAGONAL  PILES 


Figure  62.  Typical  designs  for  precast  concrete  piles 
(from  Reference  36) 


t 
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^ There  are  also  several  disadvantages  to  the  usage  of  prestressed  con- 

I Crete  piles.  A very  heavy  hammer  is  required  for  driving  to  minimize  the 

intensity  of  the  reflected  stress  wave  and  thus  prevent  pile  damage.  A 
special  type  of  driving  head  is  also  necessary.  The  steel  tendons  used 
are  very  sensitive  to  corrosion  due  to  the  small  wire  size  and  must  be 
completely  covered  with  grout  or  concrete.  In  the  design  phase,  piles 
resisting  both  moment  and  direct  load  require  careful  analysis.  Piles 
having  an  unsupported  length  must  be  analyzed  as  a column  to  prevent 
failure  through  buckling.  Typical  properties  and  details  of  prestressed 
concrete  piles  are  given  in  Appendix  H. 


i 

i 

1 
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78.  Precast,  prestressed  concrete  piles  are  manufactured  in  a 
variety  of  shapes  (Figure  63);  however,  most  are  solid  square  or 


Shape 

Advantages 

Disadvantages 

A 

Highest  ratio  of  skin-friction 
perimeter  to  cross-sectional 
area.  Low  manufacturing  cost. 

Low  bending  strength. 

□ 

Good  ratio  of  skin-friction 
perimeter  to  cross-sectional 
area.  Low  manufacturing  cost. 
Good  bending  strength  on 
major  axes. 

0 

0 

Approximately  equal  bending 
strength  on  all  axes.  Good 
penetrating  ability.  Good 
column  stability  (1/r  ratio) 

Surface  defects  on  top  sloping 
surfaces  as  cast  are  hard  to 
avoid. 

0 

Equal  bending  strength  on  all 
axes.  No  sharp  corners — aids 
appearance  and  durability. 
Minimum  wave  and  current 
loads.  Good  column  stability 
(1/r  ratio). 

Manufacturing  cost  generallv 
higher.  Surface  defects  on 
upper  surfaces  as  cast  are  hard 
to  avoid. 

IZZl 

or 

( ) 

May  be  used  where  greater 
bending  strength  is  required 
around  one  axis,  especially  if 
minimum  surface  to  lateral 
wave  and  current  forces  is 
desired. 

Difficulty  in  maintaining  orien- 
tation during  driving. 

High  bending  moment  about 
both  axes  in  relation  to  cross- 
sectional  area. 

High  cost  of  manufacture. 
Difficulty  of  orientation. 

-S’ 

High  bending  moment  about 
axis  x - jf  in  relation  to  cross- 
sectional  area. 

High  cost  of  manufacture. 
Difficulty  of  orientation. 

Note:  Hollow  cores  may  be  employed  with  most  shapes.  Varying  cross- 

sections  may  be  employed  along  the  length  of  the  pile— such  as 
enlarged  tips  for  bearing,  enlarged  upper  sections  for  moment,  or 
a change  to  a circular  upper  section  in  order  to  eliminate  corners, 
etc.  These  changed  sections  may  either  be  cast  monolithically  or 
spliced  on  at  any  stage.  Change  in  cross-section  should  employ  a 
transition  section  at  least  twice  the  length  of  the  radial  change. 

Figm-e  63.  Cross-sectional  shapes  for  prestressed  concrete 
piles  (courtesy  of  John  Wiley  and  Sons,  Inc. 6) 
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octagonal  piles  (Figvire  6k),  When  this  type  of  pile  exceeds  approxi- 
mately 2 by  2 ft,  economics  dictate  that  consideration  be  given  to  the 
use  of  hollow-core  circular  or  octagonal  piles.  This  is  particularly 

true  in  the  case  of  jetty  work  where  the  unsupported  length  of  pile  is 
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very  great  as  compared  with  its  cross-sectional  area.  An  advantage  of 
hollow  prestressed  concrete  piles  is  the  combination  of  light  weight  for 
easy  handling  with  maximijm  economy  of  material  and  virtual  freedom  from 
cracking.  The  disadvantages  of  this  type  of  pile  are  the  requirements 
for  a special  type  of  driving  head,  a very  heavy  hammer,  and  some  form 
of  venting  near  the  top  to  avoid  damage  from  the  "hydraulic  ram"  effect 
inside  the  hollow  core. 


Figure  6k.  Typical  pretensioned  pile  sections  (AASHO-PCI  Standard) 
(co\irte3y  of  John  Wiley  and  Sons,  Inc. 3^) 


79.  Precast,  posttensioned  piles  are  normally  competitive  with 
pretensioned  piles  only  when  they  can  be  made  on  the  site  or  are  over 

oQ 

Uo  ft  long  because  of  the  end  anchorage  cost  associated  with  them. 
Posttensioned  hollow  tube  piles  with  kQ-  to  72-in.  diameters  and  5-in 
walls  have  been  used  extensively,  particularly  for  deep  foundations. 
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These  piles  are  cast  in  sections  with  cored  holes  and  aligned  horizon- 
tally; then,  the  longitudinal  tendons  are  threaded  through,  and  the 
whole  is  posttensioned  together.  Driving  is  accomplished  in  the  same 
manner  as  standard  piles . 

80.  Experience  seems  to  indicate  that  a prestress  of  about 

700  psi  in  the  piles  will  ensure  safety  during  handling  and  driving 
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under  normal  conditions.  However,  prestressed  concrete  piles  must  be 

handled  and  stored  with  care  to  prevent  damage  to  each  pile.  Piles 

should  be  lifted  and  blocked  for  storage  at  predesignated  points  such 

that  bending  stresses  will  be  within  acceptable  limits.  Where  the  sides 

and  bottom  of  the  pile  are  accessible,  lifting  is  usually  accomplished 

by  tongs  or  slings  around  the  pile.  When  this  is  not  possible,  inserts 

or  lifting  loops  may  be  used.  Inserts  must  have  the  specified  minimum 
^0 

cover.  Impact  is  another  consideration  in  handling  and  transporting 
and  may  impose  static  stresses  of  50  percent  or  more.  The  construction 
engineer  is  usually  responsible  for  ensuring  that  the  pile  is  manufac- 
tured, delivered,  and  installed  in  its  design  condition,  that  is,  with- 
out cracking,  damage,  or  permanent  deformation  from  overstress. 

81.  Prestressed  concrete  pile  driving  generally  should  be  accom- 
plished using  heavy  rams  with  low  impact  velocity,  thus  producing  lower 
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stresses  in  the  pile  while  driving.  This  is  especially  critical  when 
driving  long  piles  (50  ft  and  over)  with  little  soil  resistance.  The 
weight  of  the  hammer  should  be  one  to  two  times  the  pile  weight,  and  the 
fall  should  be  kept  on  the  order  of  3 ft.  When  a hammer  proves  inade- 
quate, it  is  better  to  increase  the  weight  of  the  hammer  rather  than  the 
height  of  fall.  The  hammer  must  be  controlled  during  fall  by  guides  so 
as  to  hit  the  pile  axially  and  squarely.  The  manner  in  which  the  opera- 
tor releases  the  drop  hammer  and/or  restrains  it  during  its  fall  has  an 
important  effect  on  the  actual  velocity  at  impact  (and  thus  on  the  effec- 
tive energy  delivered). 

82.  It  has  been  found  that  pile  hammers  with  an  energy  within  the 

limits  shown  below  are  usually  adequate  for  driving  in  the  moderate  to 
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hard  driving  range.  These  values  are  listed  for  reference  rather  than 


for  absolute  guidance: 


r 


Pile  Size,  in. 

10 

12 

li* 

16-18 

20-21 

2k  and  over 


Ft -Lb  of  Energy 

8,000-15,000 

15.000- 19,000 

15.000- 2it,000 

2U, 000-32, 000 

21^,000-36,000 

32.000- 38,000 


83.  In  some  cases,  cracking  or  spalling  has  occurred  during  driv- 
ing of  prestressed  concrete  piles.  This  damage  or  failure  can  be  classi- 
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fied  into  four  types: 

a.  Spalling  of  concrete  at  the  head  of  pile  due  to  a high 
compressive  stress.  This  may  be  due  to  insufficient 
cushioning  material  between  the  pile  driver  cap  and  the 
pile,  improper  axial  alignment  of  the  hammer  and  pile, 
irregular  cutoff  of  reinforcing  in  pile  end,  lack  of 
adequate  spiral  reinforcing  at  the  pile  head  or  point, 
concrete  fatigue  due  to  a large  number  of  high  stress 
blows,  or  from  not  chamfering  the  edges  and  corners  of 
the  pile. 

b.  Spalling  of  concrete  at  the  point  of  the  pile  due  to  hard 
driving  resistance.  Compressive  stress  when  driving  on 
bare  rock  can  theoretically  be  twice  the  magnitude  of 
that  produced  at  the  head  of  pile  due  to  hammer  impact. 

c_.  Transverse  cracking  or  breaking  of  the  pile  due  to  tensile 
stress  reflected  from  the  tip  or  head  of  the  pile.  This 
cracking  may  occur  in  the  upper  end,  midlength,  or  lower 
end  of  the  pile.  As  previously  mentioned,  use  of  a 
heavier  hammer  with  lower  velocity  should  help  this 
situation. 

Spiral  or  transverse  cracking  due  to  a combination  of 
torsion  and  reflected  tensile  stress.  This  may  be  caused 
by  the  helmet  or  pile  cap  fitting  too  tightly  on  the  pile 
and  preventing  normal  rotation,  or  by  excessive  restraint 
of  the  pile  in  the  leads  and  rotation  of  the  leads. 

8U.  A number  of  methods  are  in  current  use  for  lengthening  of 
prestressed  concrete  piles  (Figure  65).  The  simplest  is  the  epoxy- 
doweled  splice.  This  method  usually  has  four  dowels  of  deformed  rein- 
forcing bar  precast  into  the  top  section.  These  dowels  are  extended 
20  to  30  diameters  in  length  into  matching  corrugated  metal  tubes  pre- 
cast in  the  head  of  the  bottom  section.  Epoxy  is  poured  into  the  holes 
and  allowed  to  set  (ranges  from  30  min  to  12  hr,  depending  on  epoxy  type 
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Figure  65.  lypical  splice  details  for  prestressed 
concrete  piles:  (a)  epoxy-doweled  splice — United  States, 
Norway;  (b)  welded  splice;  (c)  mechanical  splice  (Swedish 
patent);  (d)  steel  splice  sleeve  or  "can";  (e)  welded 
splice— .Japanese  patent;  (f)  "Brunsplice"  joint — United 
States  patent;  (g)  posttensioned  splice — Great  Britain; 
(h)  steel  pipe  splice  for  hollow  piles — Norway  (courtesy 
of  John  Wiley  and  Sons,  Inc. 6) 
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and  temperature).  The  Japanese  have  adopted  a cast  steel  end  piece  that 
facilitates  anchoring  of  the  tendons  during  manufacture  and  permits 
rapid  jointing  by  welding.  A Swedish  mechanical  splice  engages  and 
locks  mechanically,  as  by  a screwed  joint  or  wedge  effect.  There  are 
friction  splices  available  in  which  a sleeve  is  driven  over  a male  cast- 
ing, locking  itself  by  wedging.  Other  splices  used  are  a posttensioned 
splice  from  Great  Britian  and  a steel  pipe  splice  for  hollow  piles  from 
Norway.  It  is  important  that  with  any  splice,  the  sections  be  essen- 
tially center-bearing,  and  the  concrete  immediately  above  and  below  the 
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splice  be  contained  with  heavy  spirals  of  steel. 

85.  The  most  versatile  and  widely  used  connection  of  precast  con- 
crete pile  to  cast-in-place  cap  is  similar  to  that  used  for  many  years 
in  conventionally  reinforced  piles  (Figure  66).  The  conventional 


Figure  66.  Connection  of  precast  pile 
to  cast-in-place  cap  (courtesy  of 
John  Wiley  and  Sons,  Inc. 39) 


reinforcing  bars  can  be  precast  in  the  head  of  the  pile,  requiring  a 
special  driving  head,  or  grouted  into  either  precast  holes  or  holes 
drilled  after  driving. 

86.  Service  functions  to  which  prestressed  concrete  piling  in- 
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stallations  may  best  be  adopted  are: 

a.  Bearing  piles — service  stresses  are  compressive  but  the 
piles  are  subject  to  recoil  during  driving. 

b.  Sheet  piles — service  stresses  are  generally  flexural. 
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Tensile  stresses  result  from  rebound  during  the  driving 
process. 

c_.  Combined  bearing  and  sheet  piles — driving  stresses 

similar  to  sheet  piles.  Service  loads  may  offset  part 
or  all  of  the  flexural  tensile  stress,  depending  on  the 
relative  magnitude  of  vertical  and  lateral  loads. 

Outstanding  vertical  piles  of  pier  or  jetty  bents — tensile 
stresses  during  the  driving  process,  or  combined  tensile 
stress  under  the  action  of  vertical  and  lateral  loads. 
There  is  also  the  possibility  of  uplift  forces. 

Anchor  piles — tensile  stress  waves  during  the  driving 
process  and  maximum  tension  under  a certain  combination 
of  service  and  environmental  loads. 

Fender  piles — depending  upon  lengths,  driving  conditions, 
and  ship  berthing  impact,  either  maximum  service  flexural 
tensile  stress  or  maximum  tensile  stress  due  to  rebound 
in  the  driving  process  may  govern. 

87.  There  are  many  construction  sites  where  prestressed  square 
piles  have  been  used  and  several  of  these  are: 

a.  The  Pacific  Gas  and  Electric  Company's  new  steam-power 
plant  in  San  Francisco  uses  l8-in. -square  piles  ap- 
proximately 90  ft  long,  driven  through  fill  and  soft 
clays  to  rock. 

b.  The  it3-story  Wells-Fargo  Building  in  San  Francisco  re- 
quired 18-in. -square  piles  up  to  138  ft  long.  These 
piles  were  tipped  with  a 3-ft-long  steel  "H"  stub  and 
driven  in  predrilled  holes  through  sandy  clay,  sand,  and 
clays  to  rock. 

c_.  The  New  York  City  Bridge  has  2U-in. -square  piles,  jetted 
in  place  to  within  a few  feet  of  final  tip  elevation, 
then  driven.  These  piles  were  cast  in  lengths  varying 
from  70  to  100  ft  based  on  test  soil  borings. 

The  Bonnet  Carre  Highway  Bridge  near  New  Orleans, 
Louisiana,  used  20-in. -square  piles. 

88.  Octagonal  prestressed  concrete  piles  are  also  widely  used,  and 
the  following  are  examples  of  this  construction: 

a.  The  National  Art  Gallery  and  Cultural  Center  of  Melbourne, 
Australia,  employs  l8-in. -octagonal  piles  up  to  100  ft 
long  and  driven  through  peat  and  clay  to  shale. 

b.  The  Ala  Moana  Building,  a 25-story  tower  in  Honolulu,  is 
supported  by  l8-in. -octagonal  end-bearing  piles  approxi- 
mately 170  ft  long. 
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c_.  The  Ilikai  Building  in  Honolulu  is  supported  on 

l6-l/2-in. -octagonal  piles  approximately  110  ft  long. 

Piles  had  to  he  driven  through  an  upper  hard  coral  stratum, 
sometimes  requiring  several  thousand  blows  before  break- 
ing through. 

Louisville  and  Nashville  Railroad,  Louisville,  Kentucky, 
used  2it-in. -octagonal  piles. 

89.  Several  examples  of  the  usage  of  prestressed  concrete  cylinder 
piles  are: 

a.  The  Oosterschelde  Bridge  (the  Netherlands)  used  three 
piles  per  pier,  cast  l^t  ft  in  diameter  with  l^i-in. -thick 
walls  and  20  ft  in  length,  then  joined  together  for  the 
desired  length. 

b.  The  Dumbarton  Bridge  Renewal  (Southern  Pacific  Company), 

San  Francisco  Bay,  used  two  piles  per  bent,  i+8-in.  outside 
diameter  with  5-in.  walls.  The  friction  piles  were 

120  ft  long,  and  the  end-bearing  piles  were  60  to  7^  ft 
long  with  no  splices. 

c_.  Construction  of  Interstate  Route  87  in  New  York  and  Con- 
necticut used  36-in.  outside  diameter  with  5-in.  walls. 
Splices  were  made  using  a combination  of  dowels  and  a 
it-ft  splice  boot  centered  on  the  joint,  filled  with  a 
quick-setting  plasticized  cement  (Florok)  that  solidifies 
in  a few  minutes  and  reaches  a strength  of  5000  to 
6000  psi  in  about  10  min.  Driving  could  be  resumed 
after  U5  min. 

d.  A wharf  project  for  the  Port  of  Baton  Rouge,  Louisiana, 
used  cylinder  piles.  The  pile  top  was  fixed  to  the  pile 
cap  girder  by  setting  the  heavy  cage  of  mild  reinforcing 
steel  in  the  pile  head  and  securing  by  a concrete  plug. 

90.  Prestressed  concrete  sheet  piles  are  being  used  as  bulkhead 
walls  for  shoreline  construction  because  of  their  durability,  rigidity, 
and  excellent  appearance.  One  installation  is  a sheet  pile  wall  in  San 
Francisco  Bay,  and  another  typical  construction  is  the  sheet  pile  bulk- 
head walls  at  Davis  Island,  Tampa,  Florida,  used  to  protect  the  shore- 
line from  erosion. 

91.  Prestressed  concrete  sheet  piles  are  also  used  for  cutoff 
walls,  groins,  wave-baffles,  and  retaining  soil  during  excavation  for 
foundations.  In  some  recent  building  foundations,  the  prestressed 
concrete  sheet  piles  were  installed  by  a combination  of  predrilling  and 
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driving.  After  excavation,  the  joints  were  welded  and  filled  with  non- 
shrink. grout,  and  the  sheet  pile  wall  served  as  the  permanent  foundation 
wall  of  the  building.  When  used  for  waterfront  bulkheads  and  cutoff 
walls,  the  joints  must  be  sealed,  usually  by  filling  with  grout.  A 
number  of  interlocks  have  been  developed  for  prestressed  sheet  piles  to 
give  both  structural  strength  and  a degree  of  sand-and-water  tightness. 
The  ordinary  tongue-and-groove  interlock  transmits  shear  but  not  tension. 
Steel  sheet  piles  can  be  cut  in  half  and  embedded  in  the  prestressed 
sheet  piles,  providing  an  interlock  as  tight  and  having  same  tensile 
strength  as  the  steel.  A polyethylene  interlock  has  been  developed  that 
can  be  embedded  in  the  concrete  that  acts  both  as  an  interlock  capable 
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of  some  tension  and  as  a water  stop.  Figure  6T  shows  the  typical  cross 
sections  and  details  of  prestressed  concrete  sheet  piles  and  Figure  68, 
a plastic  interlock  detail.  Driving  concrete  sheet  piles  is  assisted 
frequently  by  jetting,  and  accurate  setting  is  essential. 
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Temporary  head  extension 
for  driving  \ 


prestressed  concrete  sheet  pile  (courtesy  of  sheet  piles  (courtesy  of  John  Wiley  and  Sons, 

John  Wiley  and  Sons,  Inc.°)  Inc.^) 


PART  V;  PRECAST  CONCRETE  CULVERTS  AND  PIPES 


Precast  Concrete  Culverts 


92.  For  many  years  concrete  and  reinforced  concrete  culverts  have 
been  cast  in  place.  However,  rising  construction  costs,  time  required 
for  forming,  placing,  and  curing,  and  public  inconvenience  have  created  a 
need  for  precast  elements  that  can  be  placed  rapidly  and  economically. 

93.  Most  instances  of  precast  culvert  construction  involve 

rectangular  boxes.  The  precast  elements  may  include  the  entire  box,  the 
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bottom,  wall,  and  roof  sections  separately  (Figure  69 )>  or  the  bottom 


a.  Precast  concrete  T-beams  are 
turned  upside  down  and  a precast 
slab  is  laid  on  them  to  build  a 
culvert  quickly 


8' 10" 

Fastening  bolts  grouted 


Precast-concrete  slab 


-7*6"- 


^ Place  base  slab  if  fee 


.1. 


Place  base  slab  if  required 


b.  Special  T's  (L  might  be  a better 
description)  can  be  used  to  include 
a base  slab  in  the  three  precast 
pieces  needed  for  a culvert 


c.  A conventional  cast-in-place 
concrete  culvert  requires  several 
days  to  construct  and  sometimes 
lengthly  detours 


Figure  69 • Use  of  precast  T's  and  slabs  in  culvert  construction 

(from  Reference  h2) 


end,  an  inverted  "U"  section,  to  form  the  walls  and  roof  (Figure  TO). 

Very  often  the  bottom  is  cast  in  place,  with  the  precast  inverted  "U" 

1*3 

being  installed  later. 


pn  cast 


r 


Figure  TO.  Precast  horseshoe  culvert 
(courtesy  of  Portland  Cement  Associa- 

tion^3) 


9^.  Curved  precast  concrete  members  have  been  used  to  form  two- 
or  three-hinged  arch  culverts,  as  shown  in  Figure  71. 


Figure  71.  Precast  circular  arch  culvert 
(courtesy  of  Portland  Cement  Association's ) 

95-  Standard  precast  concrete  box  culverts  that  are  plant  pro- 
duced, manufactured  under  strict  quality  control  procedures,  and  in- 
stalled  by  rapid  cut  and  fill  procedures  have  been  developed.  ’ 

Figure  72  presents  the  recommended  set  of  standard  sizes  produced  in  the 
United  States  and  Canada.  The  design  of  standard  box  ciilverts  has  been 
verified  by  tests  to  meet  the  AASHO  standards. 
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SPAN  (feet) 

3456789  10 


4567889  10 

WALL  T*  (inches) 


Figure  72.  Recommended  box  culvert 
sizes  and  wall  thickness  (from  Ref- 
erence Uk) 


Precast  Concrete  Pipes 


96.  Concrete  pipe  is  commonly  used  for  irrigation,  drain  tile, 
storm  sever,  sanitary  sewer,  culvert,  and  pressure  water  pipe.  In  addi- 
tion, it  has  found  many  other  uses,  such  as  bomb  shelters,  cattle  passes, 
septic  tanks,  silos,  well  casing,  utility  line  trunks,  bridge  pier 
columns,  and  half-round  drainage  liners. 

97*  Standard  pipes  are  mass  produced  in  cylindrical,  arch,  flat 
base,  and  vertical  and  horizontal  elliptic  shapes  (Figure  73).  They 
may  be  nonreinforced,  reinforced,  or  prestressed  depending  upon  the  in- 
tended use.  Typical  design  requirements  for  reinforced  concrete  low- 
head  pressure  pipe  are  given  in  Appendix  I. 

98.  Manufacturing  processes  include  cast  and  vibrated  pipe, 
machine-made  packerhead  pipe,  machine-made  tamped  pipe,  machine-made 
centrifuged  pipe,  and  combinations  and  innovations  of  these  processes. 

99"  While  special  sizes  and  shapes  of  concrete  pipe  can  be  pro- 
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duced  to  meet  nearly  any  need.  Table  1 lists  the  common  pipes  that 
are  available  from  most  concrete  pipe  manufacturers  as  stock  items.  In 
addition,  accessory  items,  such  as  bends,  wyes,  tees,  connections,  and 
manholes,  are  available  in  all  common  sizes. 
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100.  A variety  of  standard 
joints  are  available  to  meet  the 
requirements  of  the  installation. 
They  include  the  bell  and  spigot , 
tongue  and  groove,  modified  tongue 
and  groove,  rubber  ring  gasket, 
concrete  or  steel  collar,  and  ce- 
ment mortar  joint  (Figure  7^). 

Joint  sealing  materials,  such  as 
bitumen,  rubber,  mastic,  mortar, 
and  epoxy,  are  commonly  used  on 
joints . 

101.  Special  requirements 
can  be  met  by  the  manufacture  of 
concrete  pipe  in  other  than  common 
sizes.  For  example,  the  use  of 
reinforced  circular,  arch,  or  el- 
liptical pipe  in  diameters  to 

120  in.  is  not  unusual.  Nonrein- 
forced  circular  pipe,  8U  in.  in 
diameter,  has  been  used  success- 
fully as  highway  storm  drain  by 
the  California  Division  of  Highways. 
The  Bureau  of  Reclamation  has  used 
156-in. -diam  reinforced  prestressed 
circular  pipe  for  the  Navajo  Indian 
Irrigation  Project  in  New  Mexico. 


Typical  Cross  Section  of  Arch  Pipe 


HORIZONTAL  ELLIPTICAL  VERTICAL  ELLIPTICAL 

Typical  Cross  Sections  of  Horizontal 
Elliptical  and  Vertical  Elliptical  Pipe 


Typical  Cross  Secllons  of  Rat  Base  Pipe 


Figure  73.  Typical  cross  sec- 
tions of  concrete  (from  Ref- 
erence hj) 


Probably  the  largest  precast  concrete  pipe  used  to  date  in  the  United 


States  has  been  the  17-ft-diam  circular  sections  that  are  part  of  a 


storm  drain  in  Troy,  Michigan. 
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Figure  Ik.  Typical  concrete  pipe  joints 
(courtesy  of  McGraw-Hill  Book  Company) 


PART  VI:  PRECAST  CONCRETE  FLOATING  STRUCTURES 
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102.  Precast  concrete  is  well  adapted  for  floating  structures  of 
all  types.  The  first  recorded  use  of  reinforced  concrete  was  the  con- 

Crete  hoat  that  Lambot  built  about  I858  in  France.  Reinforced  con-  ’ 

Crete  ships  were  constructed  in  substantial  numbers  in  World  Wars  I i 

and  II,  and  a considerable  number  of  concrete  floating  dry  docks  and 
moored  floating  docks  are  in  service  throughout  the  world. 

103.  The  more  recent  advent  of  prestressing  makes  possible  more 
efficient  structural  designs  since  prestressing  offers  superior  perfor- 
mance along  with  substantia_L  economy. 

lOU.  Almost  20  large  pretensioned  concrete  barges  have  been  con- 
structed in  the  Philippines  and  have  been  in  practically  continuous  ocean 
service  since  1964.^^  These  barges  are  generally  of  2000-ton  capacity 
and  carry  both  dry  cargo  and  petroleum  products. 

105.  Recently  a number  of  barges  and  dredge  hulls  have  been  built 
of  prestressed  concrete  in  New  Zealand  for  service  in  the  South  Pacific. 

106.  Prestressed  concrete  barges  for  the  transport  of  cryogenic 

51 

materials  have  been  studied  and  proposed  in  England.  The  favorable 
behavior  of  prestressed  concrete  at  very  low  temperatures  promises  added 
security  for  this  type  of  usage. 

107.  Structviral  lightweight  concrete  was  used  with  excellent 
results  and  durability  in  some  of  the  ships  constructed  during  World 

Wars  I and  II;  it  appears  that  prestressed  lightweight  concrete  may  be 
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an  ideal  material  for  precast  concrete  floating  structures.  ■ 

108.  Precast  concrete  pier  components  capable  of  handling  live 
loads  of  1000  Ib/sq  ft,  high-concentrated  wheel  loads,  and  a gantry-type 
container  crane  are  seen  as  a means  of  providing  expedient  military 
ports. ^ Conceptually  this  module  is  35  ft  wide,  97  ft  6 in.  long,  and 

’ ft  deep  with  a dead  load  of  970  to  980  short  tons.  Modules  would  be 
' ■ ■ ist  ashore,  loaded  on  a Seabee  barge  ship,  transported  to  the  TO, 

!.  ml  floated  into  place.  Through  use  of  four  caissons  and 

. ' ■ pi"-  modules  would  be  Jacked  to  the  required  eleva-  1 

'■lt  pr--cast  concrete  piles  are  driven  through  , 


[ 
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f. 
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precast  holes  and  epoxied  to  the  girders,  the  caissons  and  jacks  would 
be  withdrawn  to  be  used  on  another  module.  In  addition  to  being  used  as 
pier  components,  modules  could  also  be  used  as  a causeway  with  a roadway 
width  of  35  ft  (Figure  75)-  Similarly,  a dedicated  elevating  system 
could  be  used  because  with  the  elevating  legs  for  support,  the  need  for 
piling  is  eliminated.  Such  a structure  could  be  easily  lowered  or 
raised  as  necessary  during  the  course  of  normal  ship  off-loading.  Addi- 
tionally, it  would  have  the  capability  of  being  easily  relocated. 

109.  Large  floating  platforms  consisting  of  concrete  components 

mass  produced  ashore,  constructed  in  modules,  launched,  towed  to  the 

site,  and  assembled  are  envisioned  as  a means  for  satisfying  forward 

areas  surveillance  and  basing  requirements  of  the  Navy  in  the  mid 
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1980's.  Platform  concepts  consisting  of  single-story  or  multistory 
decks  were  classified  according  to  their  buoyant  elements  into  three 
basic  types;  (a)  elevated  platforms  (Figiire  76)  supported  on  vertical, 
hollow  buoyant  legs;  (b)  barge  platforms  (Figure  77)  supported  on  barge- 
type  hulls;  and  (c)  semi submersible  platforms  (Figure  78)  supported  on 
vertical  legs  atop  submerged  horizontal  pontoons.  The  various  config- 
urations were  investigated  using  concrete  as  the  construction  material; 
based  on  a synthesis  of  concepts,  concrete  production,  construction 
methodology,  and  cost,  it  was  concluded  that  concrete  is  a feasible  and 
practical  construction  material  for  large  ocean  platforms . 
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Elevated  platform  with  circular  cylindrical  legs  (from  Referenc 


Three  hundred-  by  three  hundred- foot  MOBS  trimaran  barge  platform  (from  Reference  53) 


Figure  78,  Three  fiundred-  by  three  hundred-foot  semisuhmerr.ible  platform  section  (from  Reference  53) 


PART  VII:  PRECAST  CONCRETE  FIELD  FORTIFICATIONS 

110.  Precast  concrete  field  fortifications  have  been  used  by 

U.  S.  troops  during  combat  operations.  They  include  security/fighting 
bunkers,  protective  shelters,  and  equipment  and  supplies  revetments. 

A brief  discussion  of  these  precast  concrete  field  fortifications  is 
given  in  the  following  sections. 

Security/Fighting  Bunkers 

Concrete  panel  bunkers 

5I4 

111.  A typical  precast  concrete  panel  security  bunker  is  shown 
in  Figure  79.  Security  bunkers  have  been  used  partially  buried  and  on 
towers  but  most  often  were  installed  on  the  ground  surface.  The  firing 
ports  are  large  for  maximum  visibility  and  are  located  on  the  front  wall 
and  each  of  the  two  sidewalls . 


Figure  79-  Precast  concrete  security  bunker 
(from  Reference  5^) 


112.  Figure  80  presents  the  structural  detail  of  a typical  pre- 
cast concrete  panel  security  bunker.  This  structure  is  designed  to  be 
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security  bunker  (from  Reference  5^) 


prefabricated  In  a rear  area  and  transported  to  where  needed  for  assembly. 

113.  Protection  provided  by  this  bunker  is  excellent,  especially 

if  loose  earth  is  pushed  up  or  sandbags  are  stacked  against  the  walls 

5h 

and  over  the  roof. 

Modified  concrete  arch  bunkers 

llU.  This  bunker^^  was  developed  from  components  of  the  concrete 
arch  sheltex'  (see  paragraph  122).  The  height  of  a shelter  arch  section 
was  increased  to  provide  the  basic  unit  of  the  bunker.  An  end  wall 
section  from  the  concrete  arch  shelter  was  used  as  the  roof,  and  a 
rectangular  concrete  section  was  designed  as  a backwall  for  the  bimker 
(Figure  8l). 

115.  The  modified  concrete  arch  bunker  was  semicircular  in  plan 
and  consisted  of  three  components:  a 6-ft-high  arch  section,  a rectangu- 
lar backwall  section,  and  a roof  section  (Figure  8la).  The  6-in. -thick 
arch  section  had  a 6-ft  interior  radius  plus  a l-ft-6-in.  horizontal  ex- 
tension, thus  providing  a T-ft-6-in.  inside  dimension  at  the  center  line 
of  the  arch  width.  The  6-in. -thick  backwall  section  and  the  6-in. -thick 
roof  section  had  an  8-in. -thick  by  l-ft-6-in. -wide  bulkhead  beam.  The 
arch  section  had  four  8-in.  by  l-ft-6-in.  firing  ports,  and  the  back  wall 
had  one  8-in.  by  l-ft-6-in.  firing  port  and  one  8-in.  by  2-ft-6-in.  fir- 
ing port.  By  removing  four  loose  6-in.  by  6-in.  by  2-ft-6-in.  concrete 
blocks,  the  8-in.  by  2-ft-6-in.  firing  port  can  be  made  a 2-ft-6-in.  by 
2-ft-6-in.  emergency  exit  or  can  be  used  as  a quick  exit  for  grenade 
throwing  (Figure  8lb).  The  bunker  was  held  together  by  wire  ropes  se- 
cured through  the  firing  ports  to  the  roof  section.  The  backwall  section 
was  secured  to  the  arch  section  around  the  pipe  struts  by  wire  rope  also. 
Figure  82  shows  the  assembly  details  for  the  modified  concrete  arch 
bunker. 

Concrete  log  bunkers 

116.  This  bunker^^  is  assembled  from  precast  reinforced  concrete 
logs  of  various  lengths  with  interlocking  ends  (Figure  83).  In  the  TO, 
the  arrangement  of  the  logs  to  form  a fighting  fortification  would  be 
left  to  the  discretion  of  the  tactical  commander  who  could  select  a 
configuration  to  meet  his  specific  requirements.  Figure  8i*  presents  the 
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• Uhree  blocks  are  stacked  on  the 
emergency  exit  to  form  a firing 
port) 


Modified  arch  fighting  bunker  ( f roi 
Reference  55) 


Lgure  82.  Modified  concrete  arch  bunker  (from  Reference  55 


b.  Completed  emplacement 


Figure  83.  Concrete  log  bunker  (from  Reference  55) 
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Figure  84.  Concrete  fighting  bunker  (from  Reference  55)  (sheet  1 of  2) 
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Figure  8U  (sheet  2 of  2) 


design  drawings  for  a typical  concrete  log  bunker. 

117.  The  precast  concrete  logs,  6 in.  wide  by  8 in.  deep,  of 

various  lengths  (2,  3,  6,  8,  and  10  ft),  are  reinforced  with  four 

No.  h rebars  placed  with  1-1/2  in.  of  cover  on  all  sides.  The  rebars 
are  bent  in  a hairpin  shape  to  fit  the  ends  of  the  logs. 

118.  The  concrete  logs  that  are  designed  to  Join  together  to  make 
a structure  of  any  size  are  pinned  together  with  3/^-in.  (nominal )-diam 
pipe  pins  dropped  through  l-l/2-in.-diam  holes  spaced  at  1-ft  intervals 
and  cast  in  the  logs.  These  pins  provide  a horizontal  shear  connection 
between  the  logs. 

119.  Concrete  log  bunkers  provide  good  protection  against  the 
effects  of  conventional  weapons.  They  are  simple,  inexpensive,  flexible, 
and  quickly  erectable  by  inexperienced  crews  with  no  engineering  equip- 
ment required. 

Concrete  parapet-type  bunkers 
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120.  The  parapet-type  bunker  consists  basically  of  two  square 
telescoping  boxes  and  a square  roof  slab.  The  lower  box  has  inside  di- 
mensions of  6 ft  6 in.  square  in  plan  by  3 ft  6 in  high.  This  section 
has  6-in. -thick  reinforced  concrete  walls  and  floor.  The  top  box  has  in- 
side dimensions  of  9 ft  2 in.  square  in  plan  by  3 ft  high.  The  walls  of 
this  section  are  also  of  6-in. -thick  reinforced  concrete.  A l-ft-3-in.- 
wide  by  6-in. -thick  reinforced  footing  was  formed  as  an  extension  to  the 
walls  of  the  structixre.  The  roof  slab  is  13  ft  square  and  6 in.  thick 
and  is  cast  with  protruding  concrete  strips  on  the  underside  to  position 
and  hold  the  roof  relative  to  the  walls.  Each  wall  of  the  top  structure 
is  provided  with  a 6-in. -high  by  5-ft-long  firing  port,  which  is  U8  in. 
above  the  floor  of  the  completed  structure.  When  the  structure  is  assem- 
bled (Figure  85),  a l6-in.-wide  firing  shelf  is  formed  all  around  the  in- 
side wall  by  the  difference  in  the  dimensions  of  the  two  boxes.  Fig- 
ure 86  presents  the  design  drawings  for  the  concrete  parapet-type  bunker. 

Protective  Shelters 

Concrete  panel  shelters 

121.  The  structural  plans  for  a typical  precast  concrete  panel 


Bunker  installation  (rear  view) 


b.  Completed  bunker 


Figure  85-  Concrete  parapet-type  bunker  (from  Reference  55) 
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Figure  86.  Concrete  parapet-type  fighting  bunker  (from  Reference  55)  (sheet  1 of  2) 


quarters  shelter  are  shown  in  Figure  87.  This  shelter  is  identical  with 
the  concrete  panel  bunker  except  that  the  firing  ports  have  been  elimi- 
nated and  the  roof  has  been  made  smaller.  It  may  be  used  below  or  above 
the  ground.  Below  ground,  it  provides  excellent  protection  from  all 

weapons.  If  used  above  the  ground,  sandbags  and/or  loose  earth  should 
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be  piled  against  the  walls  and  over  the  roof. 


Concrete  arch  shelters 
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122.  The  12-  by  12- ft  concrete  arch  shelter  consists  of  three 
^-ft-long  arch  sections  (including  floor  slab  with  footings)  and  two 
end  wall  sections  (Figure  88).  The  6-in. -thick  arch  sections  have  a 
6-ft  interior  radius  plus  a l-ft-6-in.  vertical  wall  extension.  A 2-ft- 
6-in.  by  5-ft-6-in.  door  opening  is  provided  in  each  end  wall.  The  arch 
sections  and  end  walls  are  joined  together  by  tensioned  wire  ropes 
secured  to  the  end  walls.  Figure  88  presents  the  design  drawings  for 
the  concrete  arch  shelter. 

123.  This  shelter  was  originally  designed  for  protection  against 

the  effects  of  conventional  weapons.  During  a later  investigation  on 
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using  concrete  arch  shelters  for  protection  against  nuclear  weapons, 
it  was  found  that  the  load-carrying  capacity  of  the  shelter  is  increased 
by  cutting  the  floor  to  the  arch  section  itself.  This  will  allow  the 
footings  to  undergo  a limited  amount  of  punching. 

12^*.  This  shelter  is  inexpensive  to  build  and  requires  a minimu;n 
of  time  for  field  erection.  Model  tests  of  the  main  arch  section  of  the 
shelter  have  shown  that  it  will  withstand  a 100-psi  overpressure.^^ 

Equipment  and  Supplies  Revetment 

Precast  concrete 

panel  revetment  with  footers 

125.  This  structure  (Figure  89)  was  used  extensively  in  the 
Republic  of  Viet  Nam  (RVN).^^  Figure  90  shows  the  structural  plains  for 
a typical  precast  concrete  panel  revetment  with  footers.  The  panels 
can  be  prefabricated  in  various  sizes.  Sandbags  stacked  against  the 
outer  face  of  each  panel  can  greatly  increase  the  protection  level 
against  fragmentation  from  large-caliber  high-explosive  ammunition. 
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SECTION 


Figure  88.  Concrete  arch  shelter  (from  Reference  55)  (sheet  1 of  5) 


B.  SCHEDULE 
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Precast  concrete 
self-supporting’:  panels 


126.  These  panels  are  similar  to  those  described  in  the  previous 
paragraph,  but  they  are  cast  with  triangular  rearward-facing  flanges 
that  make  them  self-supporting.  Self-supporting  revetment  panels  (Fig- 
ure 91)  offer  an  advantage  over  the  panel-and- footers  design  in  that 


Figure  91-  View  of  back  of  9-ff-high 
self-supporting  concrete  panel  (from 
Reference  5^) 


they  are  easier  to  set  up  where  the  ground  surface  is  uneven  or  rough. ^ 
However,  the  fabrication  effort  and  material  costs  of  self-supporting 
panels  are  higher  '•‘han  those  of  panel-and- footers . Figure  92  gives  the 
structural  plans  for  typical  precast  concrete  self-supporting  revetment 
panels.  The  protection  level  provided  by  this  design  is  the  r.ame  as 
that  of  the  panels  with  footers. 


PART  VIII:  FABRICATION,  HANDLING,  AND  ERECTION 


12T.  Many  of  the  technical  advantages  that  may  be  gained  by  using 
precast  instead  of  cast-in-place  concrete  depend  on  the  fabrication,  han- 
dling, and  erection  methods.  The  objective  of  this  part  is  to  review  con- 
temporary practice  and  to  provide  engineering  guidance  on  the  fabrica- 
tion, handling,  storage,  transportation,  connection,  and  erection  of 
precast  concrete  structural  members. 

Fabrication 


128.  Precast  concrete  elements  are  fabricated  either  in  a per- 
manent manufacturing  plant  or  in  a temporary  jobsite  plant.  The  per- 
manent plant  can  economically  incorporate  more  sophisticated  machinery 
and  equipment  along  with  the  flexibility  to  adjust  to  a variety  of 
products,  whereas  the  jobsite  plant  is  tailored  to  the  specific  needs 
of  that  particular  project.^  A typical  combat  zone  concrete  precasting 

facility  for  prefabricated  shelters,  bunkers,  and  other  small  precast 
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concrete  parts  is  described  in  TM  5-302.  A suggested  concrete  precast 
facility  for  producing  concrete  military  bridges  (Appendix  D)  is  given 
in  Appendix  F. 

129.  In  general,  the  manufacturing  plant  comprises  the  following 
minimum  elements: 

a.  Area  for  concrete  plants  and  prestressing  beds. 

b.  Area  for  storage  forms  and  raw  materials. 

£.  Area  for  storage  of  finished  products. 

130.  Some  guideline  principles  for  manufacturing  of  precast 
concrete  elements  are  given  in  the  following  paragraphs. 

Proper  drainage  and  road 

131.  Efficient  and  adequate  surface  drainage  must  be  provided  in 
all  work  areas  and  in  storage  areas.  Areas  adjacent  to  prestressing 
beds  should  be  paved  in  order  to  reduce  the  possibility  of  contamination 
of  strand  surface  and  beds  by  dirt  and  mud,  to  facilitate  drainage,  and 
to  increase  the  efficiency  of  the  operation. 


no 


Beds 


132.  Foundation  for  beds  should  be  stabilized  to  prevent  differ- 
ential settlement.  Foundations  may  be  pile  supported  or  of  the  gravity- 
spread  footing  type.  Height  of  bed  should  be  set  at  best  working  level, 
particularly  where  considerable  handwork  is  required. 

Forms 

133.  Forms  are  generally  designed  for  multiple  reuse  and  should, 
therefore,  be  of  steel,  concrete,  fiberglass,  or  heavy  wood  framing  of 
equivalent  strength.  Accurate  alignment  of  forms  must  be  maintained 
during  the  casting  operation.  Form  joints  should  be  smooth  and  tight 
enough  to  prevent  leakage  of  mortar.  Forms  must  be  cleaned  immediately 
after  removal  of  product.  Particular  attention  must  be  paid  to  removal 
of  grout  from  joints  in  working  forms  and  from  holes  for  affixing  inserts 
Protection  of  steels 

13^.  Proper  storage  must  be  provided  for  prestressing  steel,  mild 
reinforcing  steel,  and  inserts  to  keep  them  clean  and  dry.  High-strength 
steel  is  much  more  susceptible  to  corrosion  than  steel  of  lower  strengths 
Care  should  be  taken  in  the  storage  of  prestressing  steel  to  prevent 
galvanic  action  that  can  occur  when  dissimilar  metals  are  adjacent  with 
an  ionized  medium  common  to  both.  Strand  surface  should  always  be  in- 
spected prior  to  placing  concrete,  and  any  found  contaminated  shoiild  be 
cleaned  with  an  effective  solvent. 

Mixing  and  placing  concrete 

135-  Proven  procedures  for  mixing  and  placing  concrete  are  de- 
scribed in  detail  in  the  following  ACI  publications: 

ACI  6lh — Recommended  Practice  for  Measuring,  Mixing  and 
Placing  Concrete 

ACI  306 — Recommended  Practice  for  Winter  Concreting 

ACI  605 — Recommended  Practice  for  Hot  Weather  Concreting 

Curing 

136.  The  ACI  recommended  practice  for  optimum  curing  for  precast 

sft 

units  should  be  followed: 

£.  Initial  curing.  Immediately  after  the  completion  of  the 
casting  operation  for  molded  precast  units,  each  article 
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should  he  covered  or  enclosed  by  two  layers  of  an  ap- 
proved water-saturated  fabric  until  placed  in  position 
for  final  curing.  The  length  of  initial  curing  for 
units  going  into  final  steam  curing  will  vary  with 
steam  curing  temperature.  From  1 to  U hr  is  indi- 
cated, the  higher  the  temperatiure,  the  longer  the 
period. 

Final  curing.  For  final  curing  each  article  may  be  cured 
in  the  place  in  which  cast  under  the  original  covering 
that  must  be  kept  thoroughly  saturated  for  the  entire 
cviring  period.  For  final  curing  each  article  may  be 
moved  at  any  time  to  a special  curing  chamber,  where  it 
may  be  left  uncovered  in  an  atmosphere  completely 
saturated  with  a mist  spray  of  either  water  or  steam. 

In  lieu  of  this  treatment,  final  curing  may  be  accom- 
plished under  two  layers  of  an  approved  wet  fabric 
thoroughly  and  continuously  saturated  with  water  for  the 
entire  curing  period.  The  temperature  of  a curing  room 
at  atmospheric  pressure  shoiild  be  maintained  uniformly  at 
some  value  between  50  and  l80°F.  Final  curing  may  be 
performed  under  a pressure  between  100  and  150  psi 
in  saturated  steam  at  335  to  366°F. 

Handling 

137-  Handling  of  the  precast  concrete  xinits  involves  removal  of 
the  unit  from  the  mold  or  form,  transportation  to  temporary  storage  yard, 
loading,  then  transportation  to  the  construction  site,  unloading,  storage 
at  the  site  (sometimes),  and  finally  erection  and  attachment  to  the 
structure. 

138.  Since  the  pickup  points  are  critical,  precast  concrete  lanits 
should  be  lifted  only  at  the  designated  points.  When  the  units  are 
stored,  they  must  be  similarly  supported.  Care  should  be  exercised  in 
handling  units  to  avoid  impact  and  unusual  loading,  such  as  lateral 
loads,  vibration,  and  distortion. 

139.  Lifting  loops  for  picking  and  handling  must  be  designed  with 
a safety  factor  of  6,  i.e.,  their  ultimate  capacity  should  be  3X  (dead 
load  + impact)  where  impact  = 100^  dead  load.^  Embedment  should  be 
adequate  to  prevent  piillout  bond  failure. 

iLO.  The  angle  that  the  sling  or  line  makes  with  the  lifting 
loop,  at  all  positions  during  picking  and  handling,  sho\ild  be  considered 
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and  provision  made  therefor.  Consideration  should  also  he  given  to  sway 
or  swing,  i.e.,  bending  of  the  picking  loop  sideways.  This  will  cause 
sharp  bending  stresses  in  the  picking  loops  and  may  result  in  local 
concrete  crushing. 

lUl.  Fabricated  lifting  inserts  (e.g.,  fabricated  plates)  may  be 

used,  provided  the  following  rules  are  applied:^ 

Their  pullout  value  is  ensured  by  mechanical  or  posi- 
tive fastening  in  the  concrete. 

_b.  There  are  no  welds  transverse  to  the  principal  tension. 

c_.  Plates  are  thick  enough  in  themselves  to  withstand 

bearing  from  shackle  pins — no  built-up  washers  or  cheek 
plate  reinforcement  of  the  eye. 

Eyes  are  designed  for  shear,  moment,  and  tension  on  the 
minimum  section. 

_e.  Steel  used  is  ductile  (serious  failures  have  occurred 
when  hard-grade  brittle  steels  were  used). 


IU2.  One  popu-lar  type  of  lifting  equipment  is  a rubber-tired, 
self-propelled,  straddle  machine  (Figure  93).  Straddle  carriers  are 


Figure  93.  Straddle  carrier 


efficient  machines  for  moving  precast  concrete  units  about  the  casting 

yard  and  loading  them  onto  vehicles  for  transportation  to  the  jobsite. 

These  machines  are  made  with  inside  clear  widths  ranging  from  12  to 

UO  ft  and  heights  from  12  to  ^40  ft  and  with  wheel  basis  to  suit  the 
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particular  plant  usage.  Although  large  and  seemingly  awkward,  these 


machines  are  constructed  with  90-deg  pivot  steering  so  they  can  maneuver 
in  the  narrow  aisles  usually  found  in  storage  yards.  Capacities  up  to 
100,000  lb  are  available.  Long  girders  can  be  handled  by  two  machines 
in  tandem. 

1^*3.  The  machine  shown  in  Figure  9^  is  a heavy-duty  forklift 
with  an  extra  wide  frame  to  enable  it  to  carry  long  cored  slabs. 


Figure  9^.  Forklift  machine  (courtesy 
of  American  Concrete  Institute59) 

l4U.  Truck  cranes  (Figure  95) » locomotive  cranes,  and  small 
hydraulic  cranes  are  widely  used,  as  well  as  overhead  bridge  cranes  and 
gantry  cranes  in  some  casting  yards . 

li+5.  A type  of  small  crane  frequently  used  in  yards  and  for  erect- 
ing is  the  hydraulic  model  shown  in  Figiire  96.  Mounted  on  a truck,  the 
crane  is  easily  maneuverable  yet  the  boom  can  be  extended  to  make  the 
crane  useful  for  erecting. 

lh6.  By  making  use  of  the  principle  that  a device  can  be  attached 
to  any  surface  by  creating  a vacuum  between  the  two,  vacuum  lifters 
have  been  developed  for  lifting  precast  concrete  units^^  (Figure  97). 

One  advantage  of  vacuum  lifters  is  the  reduction  in  handling  time;  it 
takes  only  a few  seconds  to  attach  or  release  the  lifter. 

lUj.  Precast  units  should  be  stored  in  such  a manner  that  each 

unit  supports  only  its  own  weight,  without  any  load  imposed  by  other 
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units.  Points  of  contact  between  units  must  be  provided  with  protec- 
tive material  to  prevent  breakage. 


UiOs 

Ou\ 


Figure  97-  Vacuiam  lifter  (courtesy  of  American 
Concrete  Institute59) 


lit8.  Units  that  are  stacked  should  be  separated  and  supported  on 
strips  of  wood  or  battens  across  the  full  width  of  each  bearing  point . 
All  battens  must  be  in  the  same  vertical  plane  within  the  specified 

max  1 Tniim  Rt.pnof*  ■f'rom  •n-i  f'Vn-n  T»rhnn-t-  f Vt  cn  !>»<=»  Oft  ^ 


Transportation 


li<9.  Moderate-size  precast  concrete  ■units  can  be  transported  by 
truck.  Rail  may  be  used  for  long-distance  shipments  and  for  over-length 
segments  but  often  requires  supplemental  transportation  to  the  actual 
jobsite.  Barge  transportation  is  very  economical  and  practicable  to 
■water  sites  and  can  be  used  to  transport  hea^vy  and  oversize  units. ^ 

150.  During  transport,  precast  concrete  units  shoiild  be  supported 
as  they  were  in  the  storage  yard,  with  added  bracing  to  assure  that  they 
remain  in  this  loaded  position  without  shifting  or  overturning.  Adequate 
padding  must  be  inserted  between  chains , cables , or  ropes  and  the  pre- 
cast concrete  units  to  prevent  clipping  or  other  damage,  a precaution 
especially  important  on  edges  and  corners.  This  padding  can  consist  of 
timber  blocks  or  logging,  rope  mats,  or  plastic  pads. 

151.  Lateral  trussing  or  bracing  might  be  necessary  to  prevent 
flexing  of  long  slender  units.  A method  that  has  been  used  success- 
fully on  long  slender  Tee-  or  I-girders  is  to  attach  short  lengths  of 
steel  angle  in  both  sides  of  the  stem  near  the  ends  of  the  girder  and  a 

struct\iral  strut  on  each  side  at  the  midspan,  with  one  or  two  stressing 
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strands  stressed  between  the  angles  and  over  the  strut  on  each  side 
(Figure  99)-  For  long  members,  pole  trailers  (Figure  lOO)  are  often 


Figure  99-  Long  girder  transported  by  rail  cars  (courtesy 
of  Americein  Concrete  Institute59) 
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Figure  100.  Pole  trailer  (courtesy  of  American 
Concrete  Institute^^) 


used,  with  the  precast  unit  serving  as  the  "pole"  connection  between 
truck  and  trailer, 

152.  Trucks  with  double  bolsters  are  generally  satisfactory  pro- 
vided the  precast  units  are  fully  seated  in  the  outer  bolsters  at  not 
more  than  3 ft  or  the  depth  of  the  number  from  the  end,  and  the  inner 
bolster  is  not  more  than  8 ft  from  the  end  of  the  unit  (Figure  101 ). 


Figiire  101.  The  distance  from  the  center 
line  of  the  rear  bolster  on  a double- 
bolster dolly  to  the  end  of  the  pre- 
stressed member  (distance  A)  should  not 
exceed  "D"  or  3 ft,  whichever  is  smaller. 
Distance  "B"  from  center  line  of  inner 
bolster  to  end  of  girder  should  not  be 
more  than  8 ft  (courtesy  of  American 
Concrete  Institute^^) 
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153.  Upon  arrival  of  the  vehicle  at  the  jobsite,  the  first  opera- 
tion is  to  remove  all  load  binders,  chains,  and  ropes  confining  the  pre- 
cast members.  Then  the  exposed  packing  and  padding  are  removed.  Care 
shoiild  be  taken  to  avoid  damaging  the  concrete.  Only  one  unit  should 
be  removed  at  a time  except  for  small  units  that  might  be  grouped  on 
pallets.  Units  shotild  be  removed  from  alternate  sides  of  the  vehicle 
to  avoid  \anbalancing  the  load,  and  the  remaining  units  should  be  braced 
to  prevent  slipping  or  tipping.  Units  on  the  outside  or  top  of  the  load 
should  be  unloaded  first.  Never  try  to  slide  a member  out  from  the 
center  of  the  load. 

Connections 

15^.  The  connections  between  precast  members  should  be  designed 
in  such  a manner  that  they  are  capable  of  withstanding  the  ultimate 
i vertical  and  horizontal  loads  for  which  the  structure  is  proportioned, 

without  failure,  excessive  deformation,  or  rotation.  The  recommendation 
of  ACl-ASCE  Committee  512  should  be  followed.  The  following  para- 
graphs from  Reference  6o  are  pertinent  to  the  present  discussion. 

General  considerations 

155.  It  is  recommended  that  joints  and  connections  occur  at 
logical  locations  in  the  structure  and,  when  practical,  at  points  that 
may  be  most  readily  analyzed  and  easily  reinforced.  Precautions  should 
be  made  to  avoid  connection  and  joint  details  that  would  result  in 
stress  concentrations  and  the  resulting  spalling  or  splitting  of  members 
at  contact  surfaces.  Liberal  chamfers,  steel-edged  corners,  adequate 
reinforcement , and  cushioning  materials  are  a few  of  the  means  by  which 
such  stress  concentrations  may  be  avoided  or  provided  for. 

156.  The  strength  of  a partially  completed  or  completed  structure 
should  be  governed  by  the  strength  of  the  connections ; the  connection 
should  not  be  the  weak  link  in  the  struct\ire. 

Loading  conditions 

157.  Loading  conditions  to  be  considered  in  the  design  of  joints 
and  connections  are  service  loads  including  wind  and  earthquake  forces; 
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volume  chajnges  due  to  shrinkage,  creep,  -and  temperature  change;  erection 
loads ; and  loading  encountered  in  stripping  forms , shoring  and  removal 
of  shores,  storage,  and  transportation  of  members.  Proper  attention 
should  be  given  to  loads  and  the  resulting  stress  peculiar  to  the 
sequence  of  erection.  Typical  examples  of  construction  in  which  the 
sequence  and  manner  of  erection  affect  the  loading  and  stresses  in  the 
member  are  possible  eccentric  loading  due  to  the  erection  of  members  on 
one  side  only  of  a member,  installation  of  composite  concrete  toppings 
on  shored  or  unshored  slabs  or  beams,  and  continuity  moment  connections 
over  supports.  All  significant  combinations  of  loading  should  be  in- 
vestigated, and  the  joints  and  connections  should  be  designed  for  load- 
ings consistent  with  these  possible  combinations  of  loading. 

158.  If  it  is  not  practical  to  provide  for  all  possible  temporary 
loading  conditions  that  could  occur  during  erection,  special  erection 
procedures  may  be  warranted.  If  so,  complete  erection  instructions 
should  be  included  in  the  plans  and  specifications  that  become  part  of 
the  erection  contract  documents.  Loading  sequences,  connection  se- 
quences, and  if  necessary  shoring  or  guying  schedules  should  be  clearly 
outlined.  The  disposition  and  strength  of  shoring  should  be  stated  and 
approved  prior  to  construction. 


Erection 


159.  The  erection  methods  are  detemined  by  the  span,  height,  and 
type  of  the  structure,  its  location,  the  topography,  the  weight,  size, 
and  configuration  of  the  precast  elements,  the  method  of  connection,  and 
the  erection  equipment  available.  In  general,  however,  the  majority  of 
erection  methods  and  techniques  that  have  been  developed  and  employed 
for  precast  concrete  bridge  construction  fall  into  the  following 
classes.^ 

Crane  erection 

160.  This  includes  erection  by  land-operating  cranes,  by  derricks 
on  water,  and  by  cranes  or  derricks  mounted  on  the  structure  itself. 

161.  When  using  inclined  slings,  the  temporary  buckling  stresses 


due  to  increased  compression  in  the  top  flanges  of  the  girder  must  be 
considered,  as  well  as  the  increased  forces  on  the  lifting  loops  or 
devices.  Angles  of  force  should  be  considered  for  each  position  during 
the  lift.  Lifting  loops  must  be  suitable  for  all  angles  of  lift  to  pre- 
vent localized  crushing  or  overstress. 

162.  Land  cranes  must  have  firm  undersupport,  adequate  for  the 
concentrated  temporary  loads  under  their  tracks , wheels , or  outriggers . 
The  position  of  the  crane,  angles  of  lift,  and  working  radii  must  be 
plotted  on  working  drawings  and  accurately  laid  out  and  enforced  in  the 
field. 

163.  When  two  cranes  are  used  to  erect  a single  member,  each 
should  have  sufficient  capacity  to  take  at  least  66  percent  of  the  total 
load,  and  precautions  should  be  taken  to  prevent  undue  swinging  and 
side-pull  on  the  booms  and  to  ensure  that  the  girder  does  not  hit  one 

of  the  booms  during  the  successive  steps  of  rotation  of  the  booms. 

16k.  Derricks  or  cranes  mounted  on  the  structure  must  be  properly 
secured,  and  the  temporary  loadings  imposed  on  the  structure,  including 
torsion,  must  be  checked. 

165.  Care  should  be  taken  to  prevent  either  the  unit  being  lifted 
or  another  part  of  the  structirre  from  hitting  the  boom  as  this  may  cause 
the  boom  to  buckle. 

166.  Waterborne  derrick  barges  should  be  checked  for  capacity 
during  all  stages  of  lift  and  placement , with  due  allowance  for  list  due 
to  load  and  wave  action.  The  list  of  a waterborne  derrick  or  crane 
tends  to  surge  it  out  of  position  laterally,  putting  an  added  strain 

on  anchor  lines.  Also,  the  rotation  of  the  revolving  crane  or  derrick 
while  listing  puts  added  strain  on  the  barge,  the  derrick  base  and 
roller  path,  and  the  swing  engines  and  also  produces  torsion  in  the 
boom.  Furthermore,  the  list  increases  the  actual  picking  radius  as  the 
load  drifts  outward  and,  thus,  may  overload  the  crane.  Before  picking 
near-capacity  loads,  therefore,  a thorough  engineering  check  must  be 
made  of  all  phases  of  the  pick. 


Floating-in 


167.  Either  entire  spans  or  major  portions  thereof  may  be  built 
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or  assembled  on  scaffolding  on  a barge,  then  towed  to  the  site,  moored 
in  exact  position,  and  lowered  onto  the  bearings, 

168.  Large  single  barges  may  be  used,  or  multiple  barges  may  be 
joined  with  trussing.  How  the  differential  movement,  due  to  waves, 
affects  the  precast  span  or  element  must  be  investigated.  Wind  forces 
on  the  barges  and  spans  also  must  be  taken  into  consideration. 

169.  Lowering  may  be  accomplished  by  using  the  tides,  flooding 
compartments  in  the  barges,  or  jacks.  In  flooding,  the  effect  of  the 
free  surface  on  stability  must  be  considered.  This  usually  requires 
that  the  barges  or  pontoons  be  compartmentalized. 

170.  Stability  must  also  be  carefully  calculated  during  transport 
on  the  barges  because  of  the  great  weights  involved  and  the  height  of 
center  of  gravity. 

171.  With  substructure  elements,  buoyancy  may  be  provided  within 
the  element  itself,  and  sinking  accomplished  by  adding  ballast,  such  as 
gravel,  iron  ore,  concrete,  or  sand  in  compartments,  or  by  flooding 
isolated  compartments.  Alternatively,  positive  buoyancy  may  be  main- 
tained and  the  element  submerged  by  pulling  or  jacking  against  pile 
anchors. 

172.  Substructure  units  may  also  be  transported  under  a barge  or 
pontoons.  In  such  a case,  the  unit  may  be  constructed  in  a dry  dock  or 
basin,  which  is  then  flooded,  thus  allowing  the  barge  to  float  in  over 
it,  pick  it  up,  and  carry  it  underneath  itself  until  in  position.  This 
method  takes  advantage  of  the  reduction  in  deadweight  due  to  submer- 
gence, shows  inherent  stability,  and  all  lifts  and  lowerings  are  direct. 
Erection  in  falsework 

173.  A steel  or  aluminum  truss  is  placed  in  position,  and  the 
elements  are  lifted  one  by  one,  for  example,  by  crane,  onto  the  false- 
work, When  an  entire  span  unit  is  erected,  the  precast  units  are  jacked 
and  shimmed  to  the  exact  profile,  then  jointed  and  stressed.  This 
method  is  especially  adapted  to  the  case  of  parallel  girders,  because 
after  one  girder  is  erected  and  stressed,  the  stressing  automatically 
decentering  the  falsework,  the  falsework  span  may  be  moved  sidewise  for 
the  next  parallel  girder.  Alternatively,  the  falsework  truss  span  may 
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be  above  the  final  girder  location,  the  precast  units  being  raised  from 
barges  into  position  by  hoists,  and  held  until  jointed  and  stressed. 
Launching  gantry 

17^.  This  method  involves  the  use  of  a special  erection  or 
launching  gantry,  which  may  include  means  for  moving  itself  forward  as 
portions  of  the  bridge  are  completed. 

175-  Under  one  system  precast  segments  are  moved  forward  at  deck 
level  from  one  abutment,  out  over  the  completed  superstructure.  The 
segment  is  then  picked  up  by  the  launching  gantry  and  carried  forward. 

To  enable  it  to  pass  through  the  supporting  legs,  it  is  usually  rotated 
at  right  angles  to  its  final  position  during  movement , then  turned  back 
and  set  in  its  final  position.  The  individual  precast  segments  are 
usually  jointed  and  stressed  before  the  next  segment  is  launched. 

176.  When  using  a launching  gantry  to  erect  prestressed  girders, 
provision  must  be  made  for  lateral  transfer  of  the  girders  after  they 
have  been  moved  into  their  span.  Rollers,  wheels  on  tracks,  skidding 
with  jacks,  etc.,  are  often  employed  to  accomplish  this  lateral  transfer. 
Positive  stops  must  be  provided  to  prevent  the  girder  being  moved  beyond 
the  end  of  the  cap  through  accident. 

177.  Launching  gantries  are  major  steel  bridges  in  themselves, 
subject  to  reversal  of  stress  conditions  as  they  are  moved  and  to  im- 
pact as  they  handle  the  precast  segments.  Since  the  connections  are 
usually  field  bolted,  it  is  important  that  provision  be  made  for  frequent 
inspection  of  all  joints  and  repairing  or  strengthening  of  any  members 
accidentally  damaged.  If  high-strength  bolts  are  used,  a clear  identi- 
fication marking  must  be  placed  on  them  to  prevent  careless  replacement 
by  a conventional  bolt. 

178.  Safe  walkways  and,  where  applicable,  moveable  safety  nets  or 
platforms  should  be  provided  as  an  integral  part  of  the  launching  gantry. 
Direct  launching 

179"  This  scheme  has  been  employed  to  move  precast  girders  length- 
wise from  a completed  portion  of  the  superstructure  to  their  span  loca- 
tion. A light  steel  or  aluminum  launching  nose  is  overbalanced  by  a 
counterweight  or  heavy  rearward  extension.  Movement  forward  may  be 
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accomplished  by  jacking,  rolling,  tracked  carriages,  or  cranes.  The 
girder  must  be  analyzed  for  temporary  stress  conditions  as  it  is 
cantilevered  forward  and,  if  necessary,  strengthened  by  external  trussing 
or  internal  reinforcement.  This  method  is  particularly  suitable  for  a 
single  span  in  remote  locations. 

180.  The  same  principle  has  been  used  in  Venezuela,  Germanj , 
France,  and  the  U.  S.  S.  R.  to  launch  an  entire  series  of  spans  of  pre- 
stressed concrete,  the  girders  being  approximately  uniformly  stressed  to 
take  care  of  moment  reversal  until  they  are  in  final  location.  Then  the 
tendons  are  deflected  up  and  down  to  their  permanent  profile,  or  addi- 
tional curved  tendons  added.  Special  "frictionless"  bearings  of  teflon 
on  chrome-nickel  steel  plates  are  used  on  top  of  the  piers.  The  piers 
may  require  temporary  guys  or  stays  during  the  launching  operations. 
Cantilever-suspended  span 

181.  The  precast  hammerhead  section  may  be  floated  or  lifted  in, 
supported  by  barges  or  cranes  at  each  end,  and  set  on  the  pier.  Tem- 
porary stresses  as  a simple  span  must  be  coimtered  by  external  or  inter- 
nal reinforcement, 

182.  Since  this  is  the  section  subject  to  maximum  negative  moment, 
its  required  final  prestress  force  will  generally  be  very  high.  During 
this  stage,  before  the  adjoining  suspended  spans  are  set,  the  tensile 
stresses  in  the  bottom  may  exceed  allowable  limits.  Stage  stressing 

may  be  employed,  or  additional  internal  reinforcement  provided  in  the 
bottom  of  the  girders , or  external  structural  steel  beams  bound  to  the 
segment . 

183.  Smaller  hammerhead  girders  may  be  hoisted  by  one  crane  lift- 
ing at  the  center. 

l8h.  Stability  may  be  provided  by  stressing  temporarily  or  per- 
manently to  the  pier  shaft,  by  an  inclined  leg  support  from  the  pier 
base,  or  by  falsework  towers  at  one  or  both  ends. 

185.  Precast  girders  are  particularly  adaptable  to  suspended 
spans.  They  may  be  lifted  in  with  one  or  two  cranes  working  from  below 
or  from  the  cantilevered  ends  of  the  superstructure,  or  they  may  be 
moved  forward  on  a falsework  truss  or  by  launching  gantry.  Suspended 
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spans  may  be  assembled  from  precast  segments  on  barges  and  floated  or 
lifted  into  place. 

Progressive  cantllevering 

186.  This  is  an  extremely  useful  method  for  construction  of  con- 
crete bridges  with  precast  or  cast-in-place  segments.  As  each  segment 
is  placed,  it  is  jointed  and  stressed  back,  to  the  completed  portion  of 
the  superstructure.  The  sequence  of  erection  is  chosen  to  keep  the 
partially  completed  superstructure  balanced  about  a pier,  in  double 
cantilever . 

187.  To  facilitate  setting  of  a precast  segment,  a step  or  ledge 
may  be  provided  on  the  previous  segment  so  that  the  new  segment  can  be 
readily  set  into  exact  position.  Erection  bolts  should  be  provided  so 
the  segment  can  be  pulled  into  exact  position  and  held. 

188.  Dry  joints  and  epoxy  joints  are  particularly  adaptable  to 
use  with  progressive  cantllevering  as  they  enable  each  segment  to  be 
jointed  and  stressed  as  one  continuous  operation,  usually  in  one  day. 
Other  types  of  joints  may  be  employed  with  accelerated  curing  so  as  to 
minimize  delays  between  successive  segments. 

189.  Temporary  suspension  of  the  cantilevered  segments  may  be 
provided  by  external  tendons,  e.g.,  cables  running  up  to  a temporary 
tower  above  the  pier.  Stability  during  erection  of  the  cantilevered 
arms  may  be  provided  by  temporary  vertical  stressing  down  to  the  pier, 
by  inclined  legs,  or  by  falsework  towers. 

Sliding  of  segments 

190.  Precast  segments  may  be  slid  forward  to  their  position  in 
the  span  on  skids,  rails,  or  rollers  over  falsework  trusses  or  false- 
work girders.  Similarly,  they  may  be  slid  along  temporary  or  permanent 
wire  rope  cables  to  their  correct  position  in  the  span. 

Erection  by  helicopters 

191.  The  precast  concrete  elements  may  be  lifted  into  position  by 
helicopters.  The  Army  has  used  the  helicopter  to  lift  and  move  heavy 
construction  materials,  especially  in  areas  where  surface  transport  is 
limited  or  restricted,  quite  extensively.  The  lifting  capacity  of 
present  helicopters  is  about  10  tons.  Development  of  a heavy-lift 
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helicopter  (25  tons)  is  now  being  undertaken.  Several  problems  (e.g., 
relatively  low-maximum  loads,  requirement  for  preslinging,  lack  of  pilot 
training  for  construction  operations,  lack  of  efficient  communication 
between  pilots  and  surface  crews,  etc.)  exist  when  using  current  inven- 
tory helicopters  for  erection  of  precast  concrete  elements.  However, 
since  most  of  these  problems  can  be  corrected  with  new  equipment  and 
proper  training,  it  is  reasonable  to  assume  that  helicopter  operations 
may  become  much  more  important  in  precast  concrete  construction  in  the 
TO. 
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PART  IX:  SUMMARY  AND  RECOMMENDATIONS 


Summary 

192.  The  literature  survey  on  the  prefabricated  concrete  elements 
for  structures  revealed  that  precast  concrete  construction  provides  a 
rapid  and  economical  method  for  erecting  new  structures  and  for  the 
repair  or  replacement  of  existing  structures.  This  is  possible  because 
precast  construction  eliminates  most  falsework  and  shoring  at  the  con- 
struction site  and  requires  only  a small  erection  crew.  Precast  con- 
struction is  particularly  advantageous  in  isolated  places  where  labor 
and  materials  are  not  readily  available. 

193.  From  the  many  precast  concrete  bridge  structures  evaluated, 
it  appears  that  the  precast  channel  girders  developed  by  the  State  Aid 
Division  of  MSHD  are  most  suitable  for  use  in  the  TO.  Designs  for  two 
modified  precast  concrete  channel  girder  bridges  capable  of  supporting 
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military  Heavy  Equipment  Transporters  (HET's)  are  developed  in  Appen- 
dix D.  It  is  believed  that  the  construction  of  these  precast  channel 
girder  bridges  is  within  the  normal  capabilities  of  Army  engineer  troops. 

19^.  Precast,  prestressed  concrete  piles  have  proven  to  be  the 
most  economical  solution  for  a wide  range  of  piling  installations, 
especially  when  durability  is  important,  when  high  axial  load  and  moment 
capacities  are  required,  and  when  the  total  volume  in  a geographical 
area  is  sufficient  to  justify  a proper  manufacturing  setup  and  mobili- 
zation of  proper  driving  equipment. 

195.  Precast  concrete  is  well  adapted  for  floating  structures  of 
all  types.  Precast  concrete  container  pier  modules  that  are  mass  pro- 
duced ashore,  constructed  in  modules,  launched,  towed  to  the  site,  and 
jacked  to  the  required  elevation  are  envisioned  as  a means  for  providing 
expedient  military  ports. 

196.  Precast  concrete  field,  fortifications  have  been  widely  used 
by  United  States  troops  during  combat  operations.  Precast  concrete 
security  bunkers,  quarters  shelters,  command  and  control  shelters, 

and  equipment  and  supplies  shelters  provide  excellent  protections. 
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197 • Many  of  the  technical  advantages  that  may  be  gained  by  using 
precast  instead  of  cast-in-place  concrete  depend  on  the  fabrication, 
handling,  and  erection  methods.  Engineering  guidance  on  the  fabrication, 
handling,  storage,  transportation,  connection,  and  erection  of  precast 
concrete  structural  members  is  given  in  Part  VIII  of  this  report. 


Recommendations 


198.  The  following  recommendations  are  made  based  on  the  informa- 
tion survey  reported  herein; 

Fabricate,  erect,  and  test  a prototype  concrete  channel 
girder  bridge  to  validate  the  design  and  refine  construc- 
tion techniques. 

b.  Adopt  the  precast  concrete  channel  girder  bridge  pre- 
sented in  Appendix  D as  a standard  military  bridge. 

c_.  Either  incorporate  the  results  of  this  study  into 
appropriate  existing  manuals2,3,36  or,  preferably, 
develop  a new  manual  devoted  to  precast  concrete. 

d.  Develop  and  evaluate  designs  for  prefabricated  concrete 
barges  suitable  for  use  as  container  pier  Viodules, 
floating  breakwaters,  fuel  transport  and  storage 
facilities,  etc.,  as  necessary  in  expedient  TO  military 
ports . 

£.  Evaluate  the  effectiveness  of  precast  concrete  in 

creating  expedient  barriers  and  obstacles.  An  eval- 
uation of  thermic  methods  to  neutralize  enemy  protective 
structures  and  barriers  of  concrete  should  be  included 
in  such  an  investigation. 

f_.  The  following  studies  should  be  performed  prior  to  the 
use  of  precast  concrete  elements  in  the  TO;  (l)  the 
casting  site  be  investigated  to  see  if  adequate  materials 
(e.g.  aggregate)  for  concrete  are  available);  (2)  the 
importance  of  the  time  factor  for  fabricatir-  of  the 
precast  element  be  considered  if  the  missio..  urgent 
and  the  need  is  immediate;  (3)  the  relocatability  of 
the  precast  concrete  elements  versus  structural  steel; 
and  (1+)  the  economics  of  using  precast  concrete  elements 
versus  wood,  steel,  or  cast-in-place  concrete. 
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Table  1 

Comiiiercially  Stocked  Concrete  Pipe 


Inside  Diameter 
in. 
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to 

96 

l6 

to 

96 

12 

to 

96 

1*8 

by 

48  to 

90 

by 

90 

Type  of  Pipe 

Nonreinforced  concrete  drain  tile 

Nonreinforced  concrete  sewer,  storm  drain,  and  culvert 

Reinforced  concrete  culvert,  storm  drain,  and  sewer 
pipe 

Reinforced  concrete  arch  culvert,  storm  drain,  and 
sewer  pipe 

Reinforced  concrete  elliptical  culvert,  storm  drain, 
and  sewer  pipe 

Nonreinforced  concrete  pipe  for  irrigation  or  drainage 

Nonreinforced  concrete  irrigation  pipe  with  rubber 
gasket  joints 

Reinforced  concrete  low-head  pressure  pipe 

Perforated  concrete  pipe 

Reinforced  concrete  water  pipe — steel  cylinder  type, 
not  prestressed 

Reinforced  concrete  water  pipe — steel  cylinder  type, 
prestressed 

Reinforced  concrete  water  pipe — noncylinder  type,  not 
prestressed 

Flat  base  pipe 


i 


i 


[ 


[ 

* Available  in  larger  sizes  on  order.  s 

**  Equivalent  circular  sizes.  1 
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APPENDIX  A:  RESPONSE  TO  QUESTIONNAIRE  SENT  TO  ENGINEER 
CONSTRUCTION  GROUPS  AND  BATTALIONS 


IWCKmMBi  FJJOM  MOT  fUMEO 


1.  As  a starting  point  from  which  to  gather  infomation  from  the 
field,  a brief  questionnaire  (Figure  Al)  was  prepared  to  determine  the 
interests  and/or  experiences  of  various  Engineer  troop  units  regarding 
precast  concrete  elements.  Figure  A2  is  the  list  of  the  Engineer  Con- 
struction Groups  and  Battalions  furnished  this  questionnaire  on  10 
December  197^.  The  first  four  addresses  (Construction  Groups)  were 
furnished  questions  1-5  on  the  questionnaire;  others  (Construction 
Battalions)  were  sent  questions  1-6.  Of  the  l8  units  contacted,  10 
responded.  Their  responses  are  presented  in  detail  in  Figure  A3  and 
then  summarized  in  Table  Al. 

2.  The  general  consensus  was  that  concrete  precasting  operations 
do  have  a place  in  Army  Engineer  TOE  units.  However,  less  than  ^+0  per- 
cent of  the  units  responding  indicated  any  prior  experience  with  either 
fabrication  or  erection  of  precast  concrete  elements.  All  comments  were 
considered  in  developing  the  direction  and  depth  of  the  study,  and  most 
are  addressed  within  the  report. 


A3 


Bridge-  Decking 

Warehouse  Fac lilt ies 

POL  Separators,  Sewerage  Structures 


r 


1.  Do  concrete  precasting  operations  have  a place  in  Army  Engineer  TOE 
units? 


Yes 


No 


Comments : 


2.  Should  the  proposed  precasting  facility  include  a prestressing 
capability? 


Yes 


No 


Comments : 


Indicate  those  elements  which  should  be  included  in  the  capabilities 
of  a TOE  precast  facility: 


Types  I and  II  AASHO  I-Beams 

Tee  Beams  (Single  or  Double) 

Box  Beams 

Channel  Beams 

Slabs 

Wall  Panels 

Piling 

Box  Culverts 

Pipe 

Other: 

Indicate  those  theatre  of  operations  type  structures  most  suited  to 
precast  concrete  construction: 

Administrative  Buildings 

Barracks  Type  Buildings 

Bathhouse  and  Latrine  Facilities 

Medical  and  Dental  Facilities 

Communications  Facilities 

Maintenance  Facilities 

Mess  Facilities 

Protective  Structures  (Bunkers,  Revetments,  etc.) 

Bridges 

Others : 


Figure  A1  (sheet  2 of  3) 
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5.  In  what  organization  should  the  precast  facility  he  located? 
Engineer  Construction  Battalion,  TOE  5-115 


Engineer  Construction  Support  Company,  TOE  5-lll 
Engineer  Concrete  Mixing  and  Paving  Team,  TOE  5-590T 
Other: 


6.  Has  your  Battalion  had  any  experience  with: 

Concrete  Precasting 

Prestressing 

Erection  of  commercial  precast  elements 

If  so,  please  provide  synopsis  of  work 


Figure  A1  (sheet  3 of  3) 
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Commander 

138th  Engineer  Construction  Group 
Fort  Riley,  KS  66kh2 

Commander 

2kth  Engineer  Construction  Group 
APO  New  York  09227 

Commander 

2d  Engineer  Construction  Group 
APO  San  Francisco  963OI 

Commander 

35th  Engineer  Construction  Group 
Fort  Bragg,  NC  28307 


Commander 

52d  Engineer  Bn  (Construction) 
Fort  Carson,  CO  80913 

Commander 

86kth  Engineer  Bn  (Construction) 
Fort  Lewis,  WA  98^33 

Commander 

92d  Engineer  Bn  (Construction) 
Fort  Stewart , GA  31313 

Commander 

t3d  Engineer  Bn  (Construction) 
Fort  Benning,  GA  31905 


Commander 

293d  Engineer  Bn  (Construction) 
APO  New  York  0903^* 

Commander 

9^th  Engineer  Bn  (Construction) 
APO  New  York  09175 


Commander 

23d  Engineer  Bn  (Construction) 
APO  Seattle  987^+9 

Commander 

802d  Engineer  Bn  (Construction) 
APO  San  Francisco  96271 


Commander 

79th  Engineer  Bn  (Construction) 
APO  New  York  09360 


Commander 

5H8th  Engineer  Bn  (Construction) 
Fort  Bragg,  NC  28307 


Commander 

2h9th  Engineer  Bn  (Construction) 
APO  New  York  09360 


Commander 

UUth  Engineer  Bn  (Construction) 
APO  San  Francisco  96259 


Commander 

8Uth  Engineer  Bn  (Construction) 
APO  San  Francisco  96225 


Commander 

!+6th  Engineer  Bn  (Construction) 
Fort  Rucker,  AL  3636O 


Figure  A2.  Distribution  list  for  the  questionnaire 
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1.  Do  concrete  precasting  operations  have  a place  in  Army  Engineer  TOE 
units? 

Yes  9 No  1 

Comments: 

Precasting  operations  can  certainly  result  in  great  time  and  man- 
power savings  when  properly  utilized.  2Uth  Engineer  Group  has,  how- 
ever, had  no  good  applications  for  precasting  during  recent  peace 
time  construction  experience.  For  this  reason,  it  would  not  he 
cost-effective  to  provide  any  of  the  units  of  this  group  a peace 
time  precasting  capability.  A TO&E  augmentation  should,  however,  be 
developed  to  provide  this  capability  in  time  of  war. 

Probably  only  in  a fairly  static  Theater  of  OPNS  environment. 

Not  necessary  in  a CONUS  application;  cheaper  to  commercially 
procure. 

Not  necessary  in  a rapid  TO  situation;  lines  move  too  fast  for 
application. 

Significant  savings  in  foming  material  can  be  made;  dependence  on 
weather  for  construction  can  be  reduced  and  control  of  curing  con- 
ditions can  be  obtained  by  working  indoors;  manpower  can  be  concen- 
trated and  used  more  economically  by  using  a casting  crew  and  a 
placement  crew;  and  centralization  of  material  operation  can  again 
economize  on  personnel  and  make  quality  monitoring  more  effective. 

However,  before  implementation,  consideration  must  be  given  to  the 
cost  effectiveness  of  obtaining  the  equipment  vs.  the  type  of  con- 
struction projects  units  are  presently  allowed  to  do  in  a peace  time 
training  situation.  Presently  construction  projects  requiring  pre- 
cast and  prestressed  concrete  are  not  being  constructed  by  troop 
units.  Therefore,  this  capability  should  not  be  added  to  the  TOE's 
until  needed  in  war  or  a change  is  made  in  the  type  of  projects 
given  to  troop  units. 

Situations  which  call  for  precast  building  materials  to  be  used 
could  arise  frequently  enough  to  warrant  a precasting  capability  in 
an  Engineer  Battalion.  Such  situations  include  structural  members 
of  fixed  bridges  and  construction  of  field  fortification  and 
obtacles . 

A precasting  capability  could  have  limited  use  in  TOE  units.  How- 
ever, most  construction  projects  assigned  to  CONUS  units  would  not 
merit  precasting  techniques.  This  unit  has  not  been  tasked  with  any 
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project  during  the  past  12  months  nor  are  any  projects  under  design 
which  would  merit  establishing  a precast  operation. 

We  use  precasting  as  much  as  possible  now,  particularly  in  the  winter 
where  we  can  construct  the  member  inside  a heated  tent  or  shelter. 

Experience  and  forecasted  construction  operations  indicate  that  TOE 
units  would  do  little  precasting,  and  that  which  might  be  required 
would  likely  be  tailored  to  a specific  job. 

Tailoring  members  most  attractive.  Availability  of  heavy  timbers; 
steel  sometimes  limited.  This  is  a good  concept. 

Current  practices  in  Germany  dictate  that  the  larger  more  complex 
projects  be  assigned  to  civilian  construction  firms.  We  have  precast 
some  POL  separator  (3m  x Urn)  covers  and  similar  structural  elements. 
While  engineer  construction  units  in  Europe  have  not,  thus  far,  en- 
countered a significant  need  for  precast  concrete.  Theater  of  Opera- 
tions facilities  may  lend  themselves  to  use  of  precast  concrete  in 
the  construction  of  walls,  bridge  slabs,  liners  for  open  ditches, 
and  other  areas.  In  the  79th  Engineer  Group  in  RVN  we  preferred  to 
cast  our  reinforced  concrete  structures  (such  as  bridge  beams  and 
slabs)  in  place.  Nevertheless,  the  benefit-to-cost  ratio  for  such 
uses  should  be  investigated. 

2.  Should  the  proposed  precasting  facility  include  a prestressing  capa- 
bility? 

Yes  3 No  9 

Comments : 

Without  a prestressing  capability,  the  facility  would  be  very  limited 
in  application  for  bridge  beams. 

Precasting  is  on  the  verge  of  feasibility;  prestressing  too  compli- 
cated for  normal  situations. 

This  operation  is  simple  enough  in  practice  to  be  easily  incor- 
porated and  greatly  expands  mission  capability. 

Although  precasting  applications  do  arise,  situations  requiring  pre- 
stressing at  unit  level  are  not  as  frequent  to  warrant  a prestressing 
capability.  In  such  instances  it  would  probably  be  simpler  to  order 
the  prestressed  item  as  one  would  order  a similar  steel  section. 

Prestressing  would  require  a very  high  level  of  engineering  ex- 
perience which  would  be  extremely  difficult  to  maintain  in  a TOE 
unit  and  is  not  recommended. 

The  design  criteria  used  on  a prestressed  structure  are  close  in  so 
far  as  safety  factors  are  concerned.  I'm  afraid  our  quality  control 
isn't  good  enough  (at  troop  unit  level)  to  be  absolutely  sure  we 
meet  the  specs  of  a prestressed  member.  You  can  see  the  trouble  we 
would  have  by  a structural  failure  traced  to  an  ill-constructed 
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prestressed  memlDer.  I know  we  preach  quality  control,  and  everyone 
honestly  tries,  hut  I'm  just  afraid  this  would  go  beyond  what  we  are 
actually  capable  of  doing  in  real  life. 

Casting  prestressed  concrete  elements  requires  a higher  degree  of 
individual  and  unit  technical  expertise  than  will  be  found  in  TOE 
units . 

A centralized  facility  is  required.  I would  recommend  this  be  in  the 
Const.  Spt.  Company.  With  the  proposed  change  of  Const  Bn  to  Combat 
Bn  (Heavy),  more  rapid  moves  are  anticipated.  A prestressing  facil- 
ity must  have  more  stability  (i.e.,  fixed  location,  quality  control). 

If  the  precast  facility  is  added,  prestress  capability  should  be 
included  to  make  the  facility  as  versatile  and  useful  as  possible. 

3.  Indicate  those  elements  which  should  be  included  in  the  capabilities 
of  a TOE  precast  facility: 

6 Types  I and  II  AASHO  I-Beams 

6 Tee  Beams  (Single  or  Double) 

3 Box  Beams 

U Channel  Beams 

^ Slabs 

7 Wall  Panels 

^ Piling 

7 Box  Culverts 

3 Pipe 

k Other;  (Culvert  Headwalls,  Refuse  Sumps/Tanks,  Fence  and 

Poles,  Embankment  Cribbing,  Curbstones,  Vehicle 
Barriers,  Drop  Inlets,  Members  for  Crib  Walls,  Man- 
holes, Catch  Basins,  Bridge  Decking) 

Comments: 

The  elements  checked,  being  simplest,  would  most  likely  be  employed 
in  precasting  operations  if  any. 

U.  Indicate  those  Theater  of  Operations  type  structures  most  suited  to 
precast  concrete  construction: 

U Administrative  Buildings 

V 

3 Barracks  Type  Buildings 

3 Bathhouse  and  Latrine  Facilities 

2 Medical  and  Dental  Facilities 
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k Communications  Facilities 

U Maintenance  Facilities 

1 Mess  Facilities 

7 Protective  Structures  (Bunkers,  Revetments,  etc.) 

T Bridges 

2 Others:  (Warehouse  Facilities,  POL  Separators,  Sewerage 

Structures) 

Comments : 

Although  theater  construction  depends  upon  location,  materials  avail- 
able, size  of  structure  and  permanence  desired,  those  structures  most 
suited  to  precast  concrete  would  include  hardened  protective  struc- 
ture bridges,  and  some  structures  of  a large  size. 

Those  checked  are  usually  "standard  design."  The  others  are  dern 
near  always  a case-by-case,  especially  designed  facility  where  we 
wouldn't  gain  that  much  by  standard  precasting. 

Exact  type  depends  on  investment  for  forms.  All  of  the  above  o.k. 
but  X-marked  probably  most  used. 

In  what  organization  should  the  precast  facility  be  located? 
h Engineer  Construction  Battalion,  TOE  5-115 
5 Engineer  Construction  Support  Company,  TOE  5-11^ 

3 Engineer  Concrete  Mixing  and  Paving  Team,  TOE  5-590T 

Other:  The  facility  should  be  included  as  a non-active  aug- 
mentation to  both  TO&E  5-11^  and  TO&E  5-590T 

Comment : 


Even  if  you  come  up  with  a requirement  for  precasting  capability  in 
the  present  environment  it  will  be  hard  to  train  and  develop  ex- 
perience in  the  CONUS  Const.  Bns.  because  of  laws,  regulations,  and 
opportunity  for  construction. 

In  the  long  run  if  we  need  to  use  such  a capability  in  a TO  that  is 
fairly  static  we  would  probably  be  better  off  to  develop  it  then 
rather  than  to  work  it  into  our  TO&E  units  now.  I've  never  seen  the 
Mixing  and  Paving  Team  except  in  FM's.  Are  they  for  real? 


Has 

your 

Battalion 

had 

any  experience  with: 

Yes 

3 

No  _ 

5 

Concrete  Precasting 

Yes 

0 

No  _ 

8 

Prestressing 

Yes 

3 

No  _ 

_1_ 

Erection  of  commercial  precast  elements 
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If  so,  please  provide  synoposis  of  work. 

Comments: 

Precast  lintels,  small  slabs,  curbing,  and  vehicle  bumpers  have  been 
used  on  several  projects.  On  a large  MCA  project  headwalls,  stairs, 
lintels,  large  curbstones,  vehicle  bumpers  were  precast.  An  entire 
administrative  office  area  with  offices,  storage  and  latrines  would 
have  been  precast  but  the  weight  of  sections  required  to  be  cast  was 
too  high  due  to  restriction  imposed  by  lifting  equipment.  20T  crane 
is  heaviest  organic  equipment  available.  This  is  a critical  consid- 
eration. Precast  POL  separators  were  also  placed  on  this  project. 

A contractor  did  the  placing  with  the  assistance  of  the  troops;  how- 
ever, site  preparation  included  a concrete  "leveling  course"  that  was 
placed  by  the  troops.  Troops  covild  have  performed  the  entire 
operation.  In  several  places,  concrete  leveling  pieces  were  pre- 
cast and  placed  in  areas  where  groundwater  level  was  too  high, 
thereby  preventing  compaction.  Restriction  here,  of  course,  was 
that  no  heavy  loads  be  used  but  some  settlement  be  permitted. 

¥e've  done  our  own  precasting  on  every  barracks /maintenance  facility 
we've  built  in  Korea.  Major  parts  have  been  lintels,  window 
casings,  bond  beams,  and  segments  of  ring  foundations.  We've  used 
commercially  produced,  prestressed  stringers  to  repair  a bridge. 

As  I'm  sure  you  are  aware,  we  do  as  much  precasting  as  we  can  right 
now.  As  part  of  your  study  you  mentioned  preparing  standard  designs 
for  precast  members.  I think  this  would,  be  particularly  usef'ol  to 
our  situation.  We  could  have  precast  wall  sections  had  we  really 
had  a feel  for  reinforcing  requirements. 

We  have  few  masons  in  the  Bn  and  precast  members  would  certainly 
help  out  in  the  skilled  manpower  (or  lack  thereof). 

If  possible,  it  would  be  helpful  if  you  could  run  a cost  analysis  as 
part  of  your  survey  comparing  precasts  with  similar  members,  walls, 
etc . , not  precast . 

Small  roof  slabs  (-1  x 2m).  577th  Engr  Bn  (Const)  precast  a concrete 

bridge  deck  for  the  Ban  Thech  bridge,  990  ft  long  in  RVN,  1968. 
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1.  AASHO  uses  five  standard  truck  loadings  according  to  type  of 

truck; 

a.  Two  axle  trucks — H20-UU,  H15-UJ+,  and  HlO-it^*. 

b.  Two  axle  trucks  with  semitrailers — HS20-UU  and  HS15-U4, 
Figure  B1  illustrates  this  loading  system. 

2.  The  uniformly  distributed  lane  loading  (Figure  B2)  is  used 
when  it  produces  the  more  severe  loading  condition.  For  simple  spans, 
it  will  be  found  that  truck  loads  are  critical  for  moment  for  spans 
under  lUo  ft  and  for  shear  for  spans  under  120  ft. 

3.  Table  B1  presents  the  maximum  moments,  shears,  and  reactions 
for  standard  AASHO  loadings. 


* Raised  numbers  refer  to  similarly  numbered  items  in  the  References 
at  the  end  of  the  main  text. 
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Table  B1 

Maximixm  Moments,  Shears,  and  Reactions — Simple 

Q 

Spans,  One  Lane  (courtesy  of  AASHTO°) 


Hl^-UU  Loading 


End  shear 

End  shear 

and  end 

and  end 

Span 

Moment 

reaction  (a) 

Span 

Moment 

reaction  (a) 

1 ... 

».0(b) 

24.0(b) 

42  ... 

274.4  (b) 

29.6 

2 ... 

12.0(b) 

24.0(b> 

44  .... 

2E9.3<b) 

30.1 

a ... 

18.0(b> 

Z4.0(b> 

46  .... 

304.3(b) 

30.5 

4 ... 

24.0(b) 

24.0(b) 

48  .... 

319.2(b) 

31.0 

a ... 

30.0(b) 

24.0(b) 

50  .... 

334.2(b) 

31.6 

$ ... 

36.0(b) 

24.0(b) 

52  .... 

...  849.1(b) 

32.0 

T . . 

42.0(b) 

24.0(b) 

54  .... 

...  S64.1(b) 

32.5 

8 .. 

48.0(b) 

24.0(b) 

56 

...  S79.1(b) 

32.9 

a ... 

51.0(b) 

24.0(b) 

58 

...  897.6 

SS.i 

10  ... 

60.0(b) 

24.0(b) 

60 

...  418.5 

33.9 

11  ... 

66.0(b) 

24.0(b) 

€2 

439.9 

84.4 

12  ... 

72.0(b) 

24.0(b) 

64  ... 

461.8 

34.9 

13  ... 

78.0(b) 

24.0(b) 

60  .... 

484.1 

36.8 

14  ... 

84.0(b) 

24.0(b) 

68  ... 

506.9 

85.8 

15  ... 

90.0(b) 

24.0(b) 

70  ... 

530.3 

36.8 

16  ... 

96.0(b) 

24.8(b) 

75  .... 

590.6 

37.6 

17  ... 

...  102.0(b) 

25.1(b) 

80  .... 

€54.0 

38.7 

)« ... 

...  108.0(b) 

2S.3(b) 

85  .... 

720.4 

39.9 

13  ... 

...  )]4.0(b) 

2S.6(b) 

90  .... 

7r9.6 

41.1 

20  ... 

. . . 120.0(b) 

25.8  (b) 

95  .... 

862.1 

42.3 

21  ... 

...  126.0(b) 

26.0(b) 

100  .... 

937.5 

43.5 

22  ... 

...  132.0(b) 

26.2(b) 

110  .... 

..  1.097.3 

45.9 

23  ... 

...  13S.0(b) 

2«.3(b) 

120 

. . 1.269.0 

48.3 

24  ... 

...  144.0(b) 

26.5(b) 

130  .... 

..  1.452.8 

60.7 

25  ... 

...  l&0.0(b) 

26.C(b> 

140  ... 

..  1.649.5 

53.1 

26  ... 

...  lS6.0(b) 

26.8(b) 

150  ... 

.-.  1.856.3 

55.6 

21  . . . 

...  162.7(b) 

26.9(b) 

160  .... 

. . 2.076.0 

57.9 

28  ... 

...  170.1(b) 

27.0(b) 

170  . . . 

. 2.307.8 

€0.3 

29  ... 

...  )77.5(b) 

27.1(b) 

180  ... 

. 2.551.5 

62.7 

30  ... 

...  185.0(b) 

27.2(b) 

190  ... 

. . 2.807.1 

€5.1 

31  ... 

...  192.4(b) 

27.3(b) 

200  

. . 3.075.0 

67.C 

32  ... 

...  199.8(b) 

27.4(b) 

220  

. . 3.646.5 

72.3 

33  ... 

...  207.3(b) 

27.S(b) 

240  . 

. . 4.266.0 

77,1 

34  ... 

...  214.7(b) 

27.7 

260  ... 

. 4.933.5 

81.9 

35  ... 

...  222.2(b) 

27.9 

280  . . 

. . 5.649.0 

86.7 

36  ... 

...  229.6(b) 

28.1 

300  . 

. 6.412.5 

91.5 

37  . . . 

...  237.Ub) 

28.4 

38  ... 

...  244.5(b) 

28.6 

39  ... 

...  252.0(b) 

28.9 

40  ... 

...  259.5(b) 

29.1 

(Continued) 


Note:  Spans  in  feet;  moments  in  thousands  of  foot- 
pounds; shears  and  reactions  in  thousands  of 
pounds.  These  values  are  subject  to  specifica- 
tion reduction  for  loading  of  multiple  lanes. 
Impact  not  included. 

(a) 

Concentrated  load  is  considered  placed  at  the 
support.  Loads  used  are  those  stipulated  for 
shear . 

Maximum  value  determined  by  Standard  Truck 
Loadings.  Otherwise  the  Standard  Lane  Loading 
governs . 
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Table  B1  (Continued) 


H20-U4  Loading, 


f 


End  shear 

End  shear 

and  end 

and  end 

Spftn 

Moment 

reaction  (a) 

Span 

Moment 

reaction  (a) 

1 

S.0(b> 

32.0(b> 

42  . . . . 

365.9(b) 

39.4 

2 

16.0(b) 

32.0(b) 

44  . . 

385.8(b) 

40.1 

2 

24.0<b) 

32.0(b) 

46  . . . . 

..  405.7(b) 

40.7 

4 

32.0(b) 

S2.0(b> 

48  , . . 

..  425.6(b) 

41.4 

» .... 

40.0(b) 

32.0(b) 

50  . . 

..  445.6(b) 

42.0 

« 

48.0(b) 

32.0(b) 

52  . . . 

4eS.S(b) 

42.6 

7 

66.0(b} 

S2.0(b) 

54  . . 

...  485.S(b) 

43.3 

8 

64.0(b) 

32.0(h) 

56  . . 

505.4(b) 

43.9 

9 

72.0(b) 

32.0(b) 

58 

530.1 

44.6 

10  

80.Q(b) 

32.0(b) 

60  . 

558.0 

<5.2 

11  

?3.0(b) 

32.0(b) 

62 

580.5 

45.8 

12  

96.0(b) 

32.0(b> 

64 

..  615.7 

46.5 

n 

104.0(b) 

33.0(b) 

66  . . . 

645.5 

47.1 

14  

112.0<b) 

32.0(b) 

68  . . 

675.9 

47.8 

IS  

120.9(b) 

32.5(b) 

70  . 

707.0 

48.4 

16  

128.0(b) 

33.0(b) 

75  .. 

787.5 

50.0 

17  

136.0(b) 

33.4(b) 

80  . . 

. . . 872.0 

51.6 

18  

144.0(b) 

33.8(b) 

85  . . 

960.5 

53.2 

19  

lS2.0(b) 

34.1(b) 

90  . 

. 1,053.0 

54.8 

20  

160.0(b) 

34.4(b) 

9$ 

1,149.5 

56.4 

21  

)6S.0<b) 

34.7(b) 

100  . 

..  1,2.60.0 

58.0 

22  

176.0(b) 

34.9(b) 

110 

. 1,463.0 

61.2 

22  

184.0(b) 

3S.l(b) 

120  . . 

. . 1.692.0 

64.4 

24  

l&’.0(b) 

3S.3(b) 

130  . 

1,937.0 

67.6 

2S  

200.0  (b> 

35.5  (b) 

140 

..  2,198.0 

70.8 

26  

203.0(b) 

35.7(b) 

150  . 

. 2.475.0 

74.0 

27 

21C.9(b) 

35.9<b) 

160 

2.768.0 

77.2 

28 

226.S(b) 

36.0(b) 

170 

. 3,077.0 

80.4 

29  

236.7(b) 

36.1(b) 

180  . . 

3,402.0 

83.6 

30 

246.6(b) 

36.3(b) 

190  . . 

. 3,743.0 

S6.8 

31  

2S6.S(b) 

36.4(b) 

200  , . . . 

. . 4JOQ.O 

90.0 

32  

266.S(b) 

36.S(b) 

220  . 

. . 4,862.0 

96.4 

33  

276.4(b) 

36.6(b) 

240  . . . 

5.6S8.0 

102.8 

34 

2?6.3(b) 

36.9 

260  . . 

6.578.0 

109.2 

3S  ..  . 

29e.2(b) 

37.2 

250  . . . 

7,532.0 

115.6 

36  

3C6.2(b) 

37.5 

300  . . 

8,550.0 

122.0 

37 

316.1(b) 

37.8 

38 

326.1  (b> 

38.2 

39  . . 

336.0(b) 

36.5 

40 

345.0(b) 

38.8 

(Continued) 


(a) 

Concentrated  load  is  considered  placed  at  the 
support.  Loads  used  are  those  stipulated  for 
shear . 


(b) 


Maximum 
Loading, 
governs . 


value  determined  by  Standard  Truck 
Otherwise  the  Standard  Lane  Loading 
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Table  B1  (Continued) 


HS15-^^  Loadinf; 


End  shear 

End  shear 

and  end 

and  end 

Span 

Moment 

reaction  (a) 

Span 

Moment  . 

reaction  (a> 

1 

8.0(b) 

24.0(b) 

42 

364.0(b) 

43.0(b) 

Z 

12.0(b) 

24.0(b) 

44  . 

390.7(b) 

42.5(b) 

3 

18.0<b) 

24.0(b) 

46  .... 

417.4(b) 

43.0(b) 

4 

..  . 24.0(b) 

24.0(b) 

48  . 

444.Ub) 

43.5(b) 

S 

30.0(b) 

24.0(b) 

50  . 

470.9.(b) 

43.9(b) 

6 

38.0(b) 

24.0(b) 

52 

497.7(b) 

44.3(b) 

7 

42.0(b) 

24.0(b) 

54  . . 

524.S(b> 

44.7(b) 

8 . 

48.0(b) 

24.0(b) 

5$ 

551.3(b) 

4S.0(b) 

54.0(b) 

24.0(b) 

58 

578.1(b) 

45.3(b) 

10 

80.0(b) 

24.0(b) 

60 

804.9(b) 

45.6(b) 

It 

88.0(b) 

24.0(b) 

82 

83t.8(b) 

45.9(b) 

12  . 

72.0(b) 

24.0(b) 

84 

858.6<b) 

46.1(b) 

13 

78.0(b) 

24.0(b) 

88 

8S5.5(b) 

46.4(b) 

14 

84.0(b) 

24.0(b) 

68 

712.3(b) 

46.6<b) 

IS 

90.0(b) 

25.6(b) 

70  . 

739.2(b) 

46.8(b) 

le 

98.0(b) 

27.0(b) 

75 

606.3(b) 

47.3(b) 

17  . 

. 102.0(b) 

28.2(b) 

80 

873.7(b) 

47.7(b) 

18  .. 

108.0(b) 

29.3(b) 

85 

941.0(b) 

4S.l(b) 

19 

114.0<b) 

30.3(b> 

90 

1. 008.3  (b) 

48.4(b) 

20 

120.0(b) 

31.2(b) 

95 

1.074.9(b) 

48.7(b) 

21  . 

126.0(b) 

32.0(b> 

100 

1.143.0(b) 

49.0(b) 

22 

. . 132.0(b) 

32.7(b) 

no  . 

. 1.277.7(b) 

49.4(b) 

23  . 

138.0(b) 

33.4(b) 

120  . 

. 1.412.5(b) 

49.8(b) 

24 

144.5(b) 

34.0(b) 

130  . 

1.547.3(b) 

50.7 

2S 

..  lS5.S(b> 

34.6(b) 

140 

1.682.Ub) 

53.2 

28 

166.6(b) 

35.1(b) 

150 

1.858.S 

55.5 

27 

. ..  177.8(b) 

3$.8(b) 

160  . . 

2,076.0 

57.9 

28  . . 

)89.0(b) 

36.0(b) 

170  . 

2.307.8 

60.3 

29  . 

200.3(b) 

36.8(b) 

180 

2.551.5 

62.7 

30  . 

211.6(b) 

37.2(b) 

190 

2.807.3 

65.1 

31  . 

. . 223.0(b) 

87.7(b) 

200  . 

3.075.0 

67.5 

32  . . 

234.4(1) 

38.3(b) 

220  . 

3.648.5 

72.3 

33 

. 24S.8(b) 

3S.7(b> 

240  

4.266.0 

77.1 

34  .. 

2S7.7(b) 

39.2(b) 

260  

4,933.5 

81.9 

35 

. . 270.9(b) 

39.8(b) 

280 

5.649.0 

86.7 

38  . . 

28t.2(b) 

40.0<b) 

300 

6.412.5 

91.5 

37 

. ..  297.5(b) 

40.4(b) 

38 

...  310.7(b) 

40.7(b) 

39 

. . 324.0(b) 

41.1(b) 

40 

337.4(b) 

41.4(b) 

(Cont inued) 


(a) 

Concentrated  load  is  considered  placed  at  the 
support.  Loads  used  are  those  stipulated  for 
shear. 

Maximum  value  determined  by  Standard  Truck 
Loading  (one  HS  truck).  Otherwise  the  Standard 
Lane  Loading  governs. 
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Table  B1  (Concluded) 


HS20-11  Loading: 


! 


End  shear 

End  abear 

and  end 

and  end 

Span 

Moment 

reaction  (a) 

Span 

Moment 

reaction  (a) 

1 . . 

8.0(b) 

32.0(b) 

42  . 

4SS.3(b) 

56.0(b) 

t . . 

16.0(b) 

32.0(b) 

44  . 

520.9(b) 

56.7(b) 

3 . . 

24.0(b) 

32.0<b) 

46 

556.S(b) 

57.3(b) 

4 . 

32.0(b) 

32.0(b) 

48 

592.1(b) 

58.0(b> 

5 . 

40.0(b) 

32.0(b) 

50 

627.9  (b> 

5S.5(b> 

6 

48.0(b) 

32.0(b) 

52  . 

C63.6(b) 

59.Ub) 

7 

56.0(b) 

32.0(b) 

54  . 

699.3(b) 

59.6(b) 

S . 

. . 64.0(b) 

32.0(b) 

56 

735.1  (b> 

60.0(b) 

9 

. . 72.0(b) 

32.0(b) 

58 

770.8(b) 

60.4(b) 

10 

80.0(b) 

32.0(b) 

60 

806.5(b) 

60.8(b) 

11  . . 

f;8.0(b) 

32.0(b) 

C2 

842.4  (b) 

61.2(b) 

12 

06.0(b) 

32.0(b) 

64 

878.1  (b) 

61.5(b) 

13 

104  0(b) 

32.0(b) 

66 

9t4.0(b) 

C1.9(b) 

14 

112.0(b) 

32.0(b) 

6S 

949.7(b) 

62.1  (b) 

15  . . 

...  120.0(b) 

34.1(b) 

70 

985.6(b) 

62.4  (b> 

16 

. . 128.0fb) 

36.0(b) 

7£ 

. . . 1.075.1(b) 

63.1(b) 

17 

)36.0(b) 

37.7(b) 

80 

l.lC4.9(b) 

63.6(b) 

18  . 

144.0(b) 

39.1  (b) 

85 

1.254.7  (b) 

64.1(b) 

10  . 

152.0(b) 

40.4(b) 

VO 

1.344.4(b) 

64.5(b) 

20 

160.0(b) 

41.6(b) 

95 

1.434.1  (b) 

64.9(b| 

21 

lCS.O(b) 

42.7(b) 

too 

t.524.0(b) 

65.3  (b) 

22 

176.0(b) 

43.6<b) 

no 

1.703.6(b) 

65  9(b) 

24 

lS4.0(b) 

44.S(b) 

120 

1.883.3(b) 

66.4<b) 

24  . 

192.7(b) 

45.3(b) 

130 

2.063.1(b) 

67  6 

25 

207.4(b) 

46.1(b) 

140 

2.242.8(b) 

70.8 

26 

222.2(b) 

46.8(b) 

150 

2.475.1 

74  0 

27 

. . 237.0(b) 

47.4(b) 

160 

2.768.0 

77.2 

28 

253.0(b) 

4S.0(b) 

170 

3.077.1 

80  4 

29 

267.0(b) 

48.S(b) 

l&O 

3.402.1 

83.6 

30 

..  282.T(b) 

49.6(b) 

190 

5.743.1 

8G.8 

31 

. . 297.S(b) 

50.3(b) 

200 

4.100.0 

90.0 

32 

...  312.5(b) 

51.0(h) 

220 

4.862.0 

96.4 

33 

327.R(b) 

51.6(b) 

240 

5.688.0 

102.8 

34  . 

34:i.5(b) 

S2.2(b) 

2C0 

6.S78.0 

109.2 

3$ 

361.2(b) 

52.9(b) 

280 

7,532.0 

115.6 

36  . 

....  378.9(b) 

S3.3(b) 

300 

8.550.0 

122.0 

37  . . 

3d6.6(b) 

53.8(b) 

38  .. 

4U.3()>) 

54.3(b) 

39 

....  432.1(b) 

54.8(b) 

40  . . 

...  449.8(b) 

S5.2(b) 

f 


Concentrated  load  is  considered  placed  at  the 
support.  Loads  used  are  those  stipulated  for 
shear . 

Maximum  value  determined  by  Standard  Truck 
Loading  (one  HS  truck) . Otherwise  the  Standard 
Laae  Loading  governs . 

(Sheet  I4  of  U) 
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igure  Bl.  Standard  truck  loadings  (courtesy  of  AASHTO 


H20*44  LOADING 
HS20*44  LOADING 


MfWM  tOAQ  4>0  L>S.  LlWCAW  fOQT  QP  LOAD  IMit 


HI5-44  LOADING 
HSlS-44  LOADING 


h 


cc«ctNT«*rto  to*o-|,5°2SfM  tSt!:' 

Hiront*  LOAD  S2p  La».  pea  lineaa  root  or  load  lanc 


til0-4«  I.040INC. 


Figure  B2.  H lane  and  HS  lane  loadings 
(courtesy  of  AASHT08) 
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appendix  C:  AREA  RAILROAD  LOADINGS 
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1.  The  standard  railroad  loading  recommended  by  AREA  for  fixed 
spans  under  i+00  ft  is  Cooper  E-T2  (Figure  Cl).  This  loading  represents 
two  locomotives  with  maximum  axial  loads  of  72  kips,  followed  by  a 


First  locomotive 


Locomotives  ff 
sod  train 


Second  locomotive 


Axl* 

spacing 

E-72  loads  36  72  72  72  72 

inkips  I I I I I 


46  8 36  72  72  72  72 


E N loads 
in  kips 


46.8 

MM  Mill 

N N N N y N N N N 


I 7.2  kip/  loot 


I 1 
0.65N  0.1 


0.65N  0.65N  W ’*** 


Figure  Cl.  Cooper  E-T2  railroad  loadings 


uniformly  distributed  load  of  7.2  kips /ft  of  track.  If  E-72  is  not  a 
satisfactory  representation  of  the  bridge  usage,  e.g.  a bridge  on  a minor 
branch  line,  it  is  permissible  to  use  another  loading  with  the  same  axle 
spacing  but  with  the  loads  all  altered  by  a constant  ratio.  For  example, 
E-N  would  have  loads  N/72  times  those  shown  in  Figure  Cl  for  E-72. 

2.  Figure  C2  illustrates  the  case  of  a multitrack  bridge  in  which 
it  is  necessary  to  decide  on  track  loadings.  The  AREA  code  does  not  re- 
quire all  tracks  to  be  fully  loaded  simultaneously  for  bridges  with  three 
or  more  tracks. 


E-N  EN 


V V 


E-N  E-N  E-| 

V V V 


E-N*  E-N  E.y  E^ 

V V V V 

-1  JUL  JLX  A 


EN 
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appendix  D:  RECOMMENDED  PRECAST  CONCRETE 
MILITARY  BRIDGES 


1.  From  the  many  precast  concrete  hridge  structures  surveyed  and 
evaluated  (Part  III),  it  appears  that  the  precast  channel  girder  bridges 
developed  by  the  State  Aid  Division  of  MSHD  are  most  suitable  for  use 

in  the  TO. 

g 

2.  Since  these  bridges  are  designed  for  AASHO“  H15  loadings,  they 
need  to  be  modified  in  order  to  support  military  HET's  (maximum  weight 
= 172,000  lb).  The  design  modification  was  accomplished  by  using  a com- 
puter program  (Appendix  E)  and  was  based  on  the  following  assumptions 
and  criteria: 


a.  Precast  channel  elements  will  act  as  one  unit.  Shear  keys 
and/or  transverse  tie  rods  will  distribute  the  loads 
laterally.  Thus,  the  load  carried  by  each  element  is  less 
than  a full  wheel  load. 

Modified  AASHO  HS20  loadings  having  a total  weight  of 

172.000  lb  are  used. 

c_.  The  allowable  stresses  used  in  the  design  are  those  speci- 
fied in  the  AASHO  specification. 

d.  The  minimum  strength  of  concrete  at  28  days  is  5000  psi. 
Minimum  concrete  strength  for  removing  channel  elements  is 
3000  psi. 

Minimum  concrete  strength  before  applying  initial  prestress 
is  ^4200  psi. 

f_.  Stress-steel  tendous  have  a minimum  ultimate  strength  of 

160.000  psi  and  yield  strength  of  1^+0,000  psi. 

62 

All  reinforcing  bars  conform  to  ASTM  A 615. 

The  design  details  of  the  recommended  precast  concrete  channel  girder 
bridges  are  given  in  Figui'es  DI-DU, 

3.  The  weights  of  the  interior  and  exterior  units  are  approxi- 
mately 13,300  and  ll+,600  lb,  respectively,  for  19-ft  span  bridge  and 

20,000  and  30,000  lb,  respectively,  for  31- ft  span  bridge.  Two  exterior 
curb  units  and  six  interior  units  are  required  to  obtain  a 26-ft-6-in. 
clear  roadway. 

U.  The  recommended  erection  sequence  for  the  precast  concrete 
channel  girder  bridges  is  as  follows: 

36 

a.  Install  precast  concrete  piles  per  TM  5-258. 

b.  Place  precast  concrete  pile  cap  on  top  of  precast  concrete 
piles  and  connect  to  the  piles  with  dowel  pins  inserted 


D3 


through  holes  in  the  pile  cap  into  the  precast  holes  (or 
holes  drilled  after  driving)  at  the  top  of  the  piles. 

Grout  all  dowel  holes. 

c_.  Position  channel  girders  on  the  pile  cap,  and  after  proper 
alignment  has  been  obtained,  pins  are  placed  in  the  dowel 
holes  and  all  holes  in  the  girders  and  caps  are  grouted. 

d.  The  girders  are  tied  transversely  by  bolting  the  legs  of 
adjacent  channels  together.  Longitudinally,  all  channel 
ends  are  also  bolted  together. 

After  bolting,  all  keys  are  grouted  before  traffic  use;  no 
leveling  or  wearing  course  is  required. 

5.  Photos  D1  through  D26  illustrate  a typical  fabrication,  trans- 
portation, and  erection  sequence  for  a 19- ft  span  precast  channel  girder 
bridge  supported  on  timber  piles. 
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RIGHT  WING  - TOP  VIEW 
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RIGHT  WING  FRONT  VIEW 


Precast  concrete  abutment  wings 
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Photo  D3 


Photo  Di*.  Exterior  reinforced  concrete  girder 
immediately  prior  to  casting 


b.  End  view 

Photo  D7.  Interior  posttensioned  concrete  girder 
immediately  prior  to  casting 
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Photo  Dll.  After  grouting  of  stress-steel  tendon, 
end  anchorage  protection  is  applied 


Photo  DI5.  Using  hand  winches  to  obtain  proper 
alignment  of  piles 


Photo  Dl6.  Cutting  piles  at  desired  elevation 


Photo  D17 . Installing  precast  concrete  pile  cap 
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Photo  D20 


Inserting  dowel  pins  through  channel 
girder  into  pile  cap 


Positioning  exterior  channel  girder 


Photo  D22.  Bolted  connections  of  adjacent  channel  girders 


APPENDIX  E:  COMPUTER  PROGRAM  OF  THE  ANALYSIS  AND  DESIGN 
OF  SIMPLE-SPAN,  PRECAST-PRESTRESSED  HIGHWAY 
OR  RAILWAY  BRIDGES 


Description  of  Program 


1.  The  program  performs  the  analysis  and  design  of  simple-span, 
precast-prestressed  highway  or  railway  bridges.  The  program  will  accom- 
modate the  composite  and  noncomposite  sections  included  in  Figvire  El 


SPREAD 

BOX 
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t. 


o o o 


SLAB 


VOIDED 
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SECTIONS  (6*8) 
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TYPES  S tYZ 


t. 


BOX 


COMPOSITE 
SECTIONS  (1  -5) 


NON  COMPOSITE 
BOX  SECTIONS  (9-10) 


Figure  El.  Composite  and  non- 
composite sections 


and  will  compute  the  following:  section  properties,  dead-  and 
live-load  shears  and  moments,  stresses  for  various  loading  conditions, 
ultimate  design  moments  and  resisting  moments,  spacing  of  shear  rein- 
forcement, horizontal  shear  stress  between  the  composite  slab  and  pre- 
cast member,  midspan  elastic  deflections  for  various  loading  conditions, 
and  the  number  and  center  of  gravity  of  prestressing  strands  required. 
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Input  Data 


2.  Data  may  be  input  interactively  through  the  question/response 
option  of  the  program,  or  read  directly  into  the  program  from  an  input 
file.  As  the  program  uses  a variable  field  format  to  read  input,  a 
comma  or  blaiik(s)  is  required  to  separate  each  input  value  of  a line  of 


data. 

Data  is  input 

in  the  following  sequence; 

Symbol 

Unit 

Description 

Line  No.  1 - All  Sections 


LN 

— 

Line  number. 

TITLE 

— 

Alphameric  input  data  to  describe  computa- 
tions (maximum  of  66  characters). 

Line  No.  2 - All  Sections 

LN 

IDLD 

IDSEC 


lOTPT 


IDPST 


FLOAD 


Line  number. 

Live  load  code.  Enter  10  for  highway  load- 
ing and  20  for  railway  loading. 

Section  number  as  given  in  Figure  El.  For 
sections  other  than  shown  in  this  figure, 
use  the  number  of  the  composite  or  non- 
composite section  that  most  closely  re- 
sembles the  section  under  design. 

Output  indicator.  Enter  a blank  for  ex- 
tended output  and  -1  for  minimum  output 
needed  to  describe  the  design. 

Indicator  for  geometry  of  prestressing 
strands.  Enter  1 for  straight  parallel 
strands,  2 for  depressed  strands,  and  3 
for  parabolic  posttensioned  strands. 

Magnitude  of  live-load  code. 

Highway  Loading 

Enter  AASHO  Loading 

20  HlO-l+U 

30  H15-J*i* 

Ji0  HPO-l^U 


5^ 

72 

90 


HS15-Uh 

HS20-I4U 

HS25-1*)4 


FLOAD 

( Cont ' d ) 


Railroad  Loading 


Enter 

Cooper  Loading 

60 

E-60 

72 

E-72 

80 

E-80 

SPAN 

SDL 

CDL 

ALLFR 

FIMP 

FLL 


ft  Span  length  (distance  center  to  center  of 

bearings ) . 

kips  per  linear  ft  Dead  load  to  be  applied  to  the  noncomposite 

section,  exclusive  of  beam  weight. 

kips  per  linear  ft  Dead  load  to  be  applied  to  the  composite 

section,  exclusive  of  beam  weight  and  SDL. 
Enter  a blank  for  noncomposite  sections. 

Fraction  of  a truck  load  or  track  load  to  be 
applied  to  the  section.  Enter  1.0  for  one 
truck  load  per  beam  (two  lines  of  wheels), 

0. 5  for  one-half  truck  load  per  beam,  etc. 

Impact  fraction  to  be  used  for  railioad 
loading.  Enter  as  a decimal  fraction, 

1. e.  0.30  for  30  percent.  As  the  highway 
loading  impact  fraction  is  computed  by  the 
program,  enter  a blank  for  highway  loading. 

Fraction  of  ALLFR  to  account  for  eccentric- 
ity and  centrifugal  force. 


Line  No.  3 - All  Sections  Other  Than  Noncomposite  Box  Sections 


LN 

— 

DSECT 

in. 

ASECT 

sq  in 

SECTI 

U 

in. 

YT 

in. 

YB 

in. 

WTS 

in. 

TTS 

in. 

BB 

in. 

Line  number. 

Depth  of  precast  section. 

Area  of  precast  section. 

Moment  of  inertia  of  precast  se  tion. 

Distance  from  neutral  axis  of  precast  sec- 
tion to  the  top  of  the  section. 

Distance  from  neutral  axis  of  precast  sec- 
tion to  the  bottom  of  the  section. 

Width  of  top  slab  or  flange  of  precast 
section. 

Minimum  thickness  of  top  slab  or  flange  of 
precast  section. 

Minimum  width  of  web  of  precast  section. 
Enter  a blank  if  slab  section  (7). 
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Line  No.  3A  - Noncomposite  Box  Sections  Only 


LN 

— 

Line  number. 

WB 

ft 

Total  width  of  box  beam. 

DB 

ft 

Total  depth  of  box  beam.  (When  top  surface 
is  sloped,  use  depth  at  lover  edge. ) 

TTS 

in. 

Minimum  thickness  of  top  slab  of  box  beam 
( at  lower  edge ) . 

TBS 

in. 

Thickness  of  bottom  slab  of  box  beam. 

TSW 

in. 

Thickness  of  sidewalls  of  box  beam. 

TMW 

in. 

Thickness  of  center  wall  of  double-cell  box 
beam.  Enter  a blank  for  single-cell  box 
designs . 

DH 

in. 

Depth  and  width  of  fillet. 

DELTA 

in. 

Increase  in  thickness  of  top  slab  at  higher 
edge  due  to  sloping. 

Line  No.  h - All  Sections 

LN 

— 

Line  number. 

DILOC 

Diaphragm  location  expressed  as  fraction  of 
span  length,  i.e.,  for  diaphragms  at  third 
points,  enter  0.33.  If  no  diaphragms  are 
used,  enter  0.5- 

DIAPH 

kips 

Weight  per  diaphragm. 

HDPT 

ft 

Hold-down  point  for  type  2 prestressing 
(maximum  of  2 points).  This  distance  is 
measured  from  midspan. 

AS 

. 2 
in. 

Area  of  a single  prestressing  strand  or 
cable . 

FSULT 

kips  per  sq  in. 

Ultimate  strength  of  prestressing  steel. 

RS 

Ratio  of  steel  stress  at  time  of  strand  re- 
lease or  anchorage  to  ultimate  prestress- 
ing steel  strength. 

R 

— 

Ratio  of  steel  stress  after  loss  of  pre- 
stress to  steel  stress  at  anchorage. 

EMIN 

in. 

Minimum  feasible  eccentricity  of  center  of 
gravity  of  prestressing  tendons  from 
bottom  of  beam.  See  Table  El  for  ap- 
proximate  values. 

ESR 


LN 

FCULT 

FCI 

FCPC 

FTENT 

FTEWB 

FNPS 

FV 

AV 

LN 

NSEC 

NETRL 

DIET 


A factor  to  allow  for  strand  relaxation  and 
member  shortening  prior  to  computing 
stage  1 stresses.  See  Table  El  for  ap- 
proximate values. 


Line  No.  ^ - All  Sections 


kips  per  sq  in. 
kips  per  sq  in. 

kips  per  sq  in. 


kips  per  sq  in. 
kips  per  sq  in. 
kips  per  sq  in. 
kips  per  sq  in. 
sq  in. 


Line  number. 

Compressive  strength  of  concrete  in  the 
prestressed  member  at  28  days. 

Compressive  strength  of  concrete  in  the  pre- 
stressed member  at  time  of  anchorage  or 
strand  release. 

Compressive  strength  of  concrete  in  the 
composite  deck  slab.  Enter  a blank  if 
noncomposite. 

Allowable  tensile  stress  in  top  fibers  of  the 
prestressed  member. 

Allowable  tensile  stress  in  bottom  fibers  of 
the  prestressed  member. 

Allowable  steel  stress  of  nonprestressed 
reinforcement . 

Ultimate  steel  stress  of  stirrup 
reinforcement . 

Area  of  all  legs  of  stirrups  at  one  section 
in  the  member. 


Line  No.  6 - All  Sections 


Line  number. 

Number  of  sections  at  which  beam  is  to  be 
analyzed  for  moment  (maximum  of  U). 

Enter  1 if  number  and  location  of  prestress- 
ing strands  are  to  be  input;  otherwise, 
ei:*'er  -1. 

For  each  desired  section  (maximum  of  4) 
enter  the  distance  as  a fraction  of  the 
span,  i.e.,  for  raidspan  enter  DIST  as  0.5, 
and  for  the  support  enter  DIST  as  0.0. 

DIST  (1)  must  be  at  midspan. 
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BMLL 


ft-kips 


Live-load  moments  for  railroad  loading  at 
points  corresponding  to  DIST  values.  The 
moments  for  Cooper's  E-1  loading  may  be 
entered  with  appropriate  FLOAD  and  ALLFR 
values,  or  1 may  be  entered  for  FLOAD  and 
ALLFR  with  the  BMLL  values  entered  as  the 
actual  moments  to  be  applied  to  the  sec- 


tion.  The  program  computes  the  live-load 
moments  for  highway  loading  for  each  DIST 
value  using  the  given  FLOAD  and  ALLFR 
values . 

Line  No.  7 - Composite  Sections  Only 

LN 

Line  number. 

WCS 

in. 

Width  of  the  composite  deck  slab. 

TCS 

in. 

Thickness  of  the  composite  deck  slab. 

XNCS 

in. 

Ratio  of  the  modulus  of  elasticity  of  the 
composite  deck  slab  to  the  modulus  of 
elasticity  of  the  precast  member. 

Line  No . 8 

- Any  Section  with  the  Number  and  Location  of 

Prestress  Strands  Included  as  Input 

LN 

Line  number. 

IDC 

— 

A number  to  identify  the  case. 

STRNS 

— 

Number  of  prestressing  strands. 

YM 

in. 

Distance  from  the  bottom  of  the  beam  to  the 
centroid  of  the  prestressing  strands  at 
midspan. 

YE 

in. 

Distance  from  the  bottom  of  the  beam  to  the 

centroid  of  the  prestressing  strands  at 
the  end  of  the  beam. 


Description  of  Output 


3.  The  output  is  generally  self-explanatory.  However,  a few 
abbreviations  or  symbols  are  used.  Those  output  symbols  not  described 
in  the  previous  section  on  input  data  are  defined  as  follows: 


MICROCOPY  RtSOLUllON  TtST  CHART 

national  rurfau  of  standards  i%t* 


Symbol 

Unit 

Description 

SB 

in.^ 

Bottom  section  modulus. 

ST 

in.^ 

Top  section  modulus. 

ACMP 

sq  in. 

. J4 
in. 

Area  of  the  composite  section. 

CMPI 

Moment  of  inertia  of  the  composite  section. 

YTC 

in. 

Distance  from  the  neutral  axis  of  the  composite 
section  to  top  of  precast  section. 

YBC 

in. 

Distance  from  the  neutral  axis  of  the  composite 
section  to  bottom  of  precast  section. 

YTSC 

in. 

Distance  from  the  neutral  axis  of  the  composite 
section  to  top  of  composite  slab. 

STC 

in.  ^ 

Composite  section  modulus  at  top  of  precast  section. 

SBC 

in.  ^ 

Composite  section  modulus  at  bottom  of  precast 
section. 

STSC 

in.^ 

Composite  section  modulus  at  top  of  composite  slab. 

QTSC 

in.  ^ 

First  moment  of  composite  slab  about  composite 

neutral  axis  (QTSC  = A , ,XY  ). 

slab  c 

LL  + 

I 

— 

Live-load  plus  impact. 

DL  + 

LL  + I 

— 

Dead-load  plus  live-load  plus  impact. 

ULT 

— 

Ultimate . 

Table  El 

Approximate  Values  for  BOM  and  ESR 


Section 
Number  in 
Figure  El 

Type  of 

Section 

Approximate 
Value  for 
miH 
in. 

1 

Approximate 
Elastic  Short- 
ening Loss 
percent 

2 

Approximate 
Strand 
Relaxation 
Loss  @ 48  hr 
percent 

Approximate 
Value  of 

ESR 

1.0 

100 

1 

Composite  spread  box 

2.0 

5.0 

2.5 

0.925 

2 

Composite  box 

2.0 

5.0 

2.5 

0.925 

3 

Composite  AASHO-PCI 

standard  sections 

Type  I 30-ft  span 

2.0 

6.0 

2.5 

0.915 

Type  I lt5-ft  span 

3.0 

9.5 

2.5 

0.88 

Type  II  ItO-ft  span 

2.5 

6.0 

2.5 

0.915 

Type  II  60-ft  span 

3.5 

9.5 

2.5 

0.88 

Type  III  55-ft  span 

3.5 

6.0 

2.5 

0.915 

Type  III  80-ft  span 

1*.0 

9.5 

2.5 

0.88 

Type  IV  70- ft  span 

3.5 

6.0 

2.5 

C.915 

Type  IV  100-ft  span 

!*.5 

9.5 

2.5 

0.88 

It 

Type  V 90-ft  span 

It. 5 

7.0 

2.5 

0.905 

Type  V 120-ft  span 

5.0 

9.5 

2.5 

0.88 

Type  VI  110-ft  span 

5.0 

7.0 

2.5 

0.905 

Type  VI  lUO-ft  span 

5.5 

9.5 

2.5 

0.88 

5 

Composite  tee 

UO-ft  span 

U.5 

50-ft  span 

5.0 

7.0 

2.5 

0.905 

60-ft  span 

6.0 

6 

Channel 

20-ft  span 

3.0 

30-ft  span 

It.O 

7.0 

2.5 

0.905 

ItO-ft  span 

5.0 

7 

Solid  slab 

2.0 

It.O 

2.5 

0.935 

8 

Voided  slab 

2.0 

>•.5 

2.5 

0.93 

9 

Single  box 

2.0 

5.0 

2.5 

0.925 

10 

Double  box 

2.0 

5.0 

2.5 

0.925 

L 
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Fortran  Listing 


k.  A listing  of  the  computer  program  is  given  helow. 


I oc 
?oc 

30C 

40C 

50C 

60C 

70C 

80C 

90C 

lOOC 

HOC 

iaoc 

130C 

140C 

150C 

160C 

170C 

180C 

i90C 

200C 

210C 

220C 

230C 

240C 

250C 

260C 

270C 

?8oC 

290C 

300C 

3iac 

320C 

330 

340 

350* 

3608 

3708 

3808 

3908 


4308 

4408 


4508 

4608 

4708 

4808 

490 

500 

510 

520 


• a'-ialysIs  'N'’  nEgifiN  Of  precast-p^Ss rsEggED 


» highway  or  railway  aRiDQEs 


• •»*wR1ttEN  Hy  CLlEroRO  u!  ERHYERMyTHtPCA 

• •••ADAPTEO  roR  USE  IN  ..joRpS..  PROSRAH  LIBRARY 

under  G-435  timesharing  SYSTfm.  NO»/EMciER 
1976  BY  ROY  CAMPREUL.’nES-*CL,  VICkSbURu.mS 
••••MODiriED  NOV  1976  BY  ROy  CaMPBELL , WE^-CL , 
VICKSBURG, MS 


FflR  hard  COPy  OOCuMENjAtION  OONjACt* 

EnSINEER  computer  programs  LIBRaRYCFTS  54?-2581) 
u.  S.  ARmY  cNgiNccR  HATpRWAYS  gXPcRiMcNT  STATjOsj 
CORPs  OF  ENGINEERS 
P.  C,  HOX  631 
VICKSBURG, MS  39100 


for  adDIyIonal  information  o«  ass1st*nce  In 

This  phogram  call#  roy  Campbell  ifts  542-3266) 

iiSAEWES,  VICKSBURG, MS 
CONCRETE  lab, STRUCTURES  BR 


character  flTLE-T?, .fR*! 

common  UIST(4),HMLL(41,aMDLT(4).RN0LF(4),FTBWT<4)  , 
F88tlT(4)  ,FTSDl(  4)  ,FQSijL<  4I  , F TrDL  ( 4 > ,F8C»L  ( 4 > , 
fScDL*  A ) ,fScLLM  ) , F^Ll'I  A IYfuLlI  A)  > fTT0T(4  ) , 
FRtoT(4).Y(4).v,,<2>,FsToT<A);a<5I,YA(5),BIo(5), 
CONLL(e),M(4),FTPl(4);FBpI(4>;FlT(4).FlB(4), 
F2T(4),F2R(4),F3T(4| ,F3B(4) .XP(17) ,Xl(17)tVDLT2». 

0V( o),T(J(2),SPACE(2),VU<2>,YES<4>,aMC0L(4), 

Lid) .TITLE, I0C,STRN9,YM,Ya, IOrQX ,IDLD. IcOmP, 

IdSec  l0TPT,FLOAD'SPAN,S0L,CnL’A^LFR'FlMP,FLL, Bg, 
DR'TTS,  tRS'TSH,  TmU'I^H.O^LYA.DrECx,  AsECt,sECt1';  YT. 
Y9,HTS,BB,0ILOC,DIAPh;hOPT, aSJFSULT,RS,R,FCULT,FcI, 
B0X1,SB,ST,0,ACMP,CMP|, YTC,Y8C.YTSS,STC,SBC,SrsC. 
OTSC, IDPST,FCPC,FTENT;fTe1b,FnPS,Fv, AV.nSeC, wcs, TCS, 
XNCS,ABnX,PSLS2,NFTHL,’LlNPS,UM,UM0,STHMN,  YSE.AVJ, 
VRLL,DFL0,EMIN,ESR 
character  filn»h,filnam«ij 

LO.I 
GO  TO  2 

200  CALL  DETACHt  02,  , ) 


(Continued) 


Ell 


Fortran  Listing  (Continued) 


. ( 


!>33  2U1  P«INT."1S  jnS  CUMPLtT?D7  » OR  N" 

«EaD(S,,<}.j7)  STO 
IF(ST0.6Q."Y")  (jO  to  ')99g 
lT(STo.Ka.",M")  UQ  To  P 

PRINT, ".•.».C0RHECT  R = SPo-JC(-.  IS  Y TOR  YPS  CR  N foR 
BO  TO  201 
2 CAUL  MAKEriL 
CALL  SRI 
call  SH2 
call  SH2A 
call  SR3 
1T(NETRl)3,8,7 
8 call  SR^A 

Call  srSa(umr,uhP) 

J^^N^TR,)  20.200.200 

20  NPTRL  = 1 
I'lC  s 1 

1 = nethl 

call  SR4 

call  SR5(UMH.UMP) 
call  SRft 
call  SR7 
rjO  To  200 

7 Bo  fO  I » I.nETRl 

REaB  (02.9999)LN. IDC. 9TRn3, YM, YE 

21  C*LL  SR4 
call  SRS(UhR.UhP) 

CALL  #R6 
call  SR7 

10  continue 

GO  TO  200 
840  9997  F0RHAT(*1) 

850  ^999  FORMAT(V) 

860  f99fl  STOP 
870  End 

880  SmBPOuTINE  SRi 

890  CHaSACTER  TITlE»77 

900  COnHON  Dl3T(4).BMLL(4i.BM0LT<4).flHDLr(4).FTBHT(4). 

910*  FBBMT<4>,FTSDL(4) ,FBSOL(aT.FTcDL(4) .F0CUL<4) , 

920*  fScDL(4).fScLL(4».fTll<''> AryLLH)  .rTT0T(4). 

930*  FBtoT(4) .Y(4) .VllJZI .^sToT(4) ;A(5» .YA(5)  .Blo(5)  . 

940*  CQNLLi9).M(4).rTP} ,4);FSpr(4);FlT<4).FlBt4). 

950*  F2Tf4).F2B(4),F3TJ4).l#3B(4).XP(17».XL(17>»VDLf2), 

96°*  0V(2).TG(2).SP*CEi2».VU(2>.TEs(4).8MCDL(4). 

970*  L( 4). title. IDC.STrRS.YM.YE. IDROX. IdLD* IcOmP. 

980*  in.EC.  iOTPr.FLOAD.oPAN.enL.CnL.ALLfo.FlMP.FLL.wB. 

990*  DB.TTS.TBS.TSw.TMU.DH.'DEeTA.DsECTiASECT.SECTKYT, 

10  00*  ''B.’WTS.BH.DIlOC.DI  APM.HdPT.  AS.FSUlT.RS.RtFCULTjFCI. 

iolo*  ROXI .SR.ST.Q.ACMP.CMPI . YTC. YrC. YTsC.STc.SBC.STSc. 

1020*  QTSC.IDPST.FcPC,FTENT,FTPNH.FNPS.FV,AV.NSEC,HCS,Tc8, 

i03o*  XNCS.AH0X,PSLS2.RETRL'.LrlES,tlR.UMD.STRMN,YSE;*Vj, 

10404  VRLL.DFlB.EMIN.ESR 


540 

550 

560 

570 

580 

590 

600 

610 

620 

630 

640 

650 

660 

670 

680 

690 

700 

710 

720 

73O 

740 

750 

760 

770 

780 

790 

800 

810 

820 

830 


(Continued) 
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Fortran  Listing  (Continued) 


io5o 

l060 

1070 

1080 

1090i 

1100 

ml 

1130 

il^o 

1150 

1165 


1190 

1200 

1210 


1220 

1230 

1260 

1270 

1280 

iSoSi 

1310« 

1320< 


1330« 

\IC 

13603 

13701 


i38os 

13904 

H003 

1^103 

16203 


1430 

1460 

1470 


1480 

I49O 

1500 

1510 

1520 

1530 

1540 

1550 

l56o 


READ(o2,5o)TITLE 

IDBOXsO 

IrOMPiO 

9EAD(  02.9999)ln.  j O1.D  ^ Osac . j nTPT  . j Up5T  , r lC  ADi 
5PAN.SDL.CDU. ALLFR.FiMP.rLt 
1FUDSEC.E0.9)  IDBOX.i 

IFUDSEC.EO.,0)IOBOX»2 

iFtlDSEC-tp.S) IcOMPeioO 
3 lFtlDBoX-l)20.l0.1Q 

lO  READ(02.9<)99)LN.WB.D3.  TtS.  TBS.  TSW.Tm<J.  DH; CEUTA 
F.O  TO  30 

?0  BEAD(02.99<>9)LN.DSECr. AsPCT.sECTI.YT. YB.uTS.TTS.BB 
3O  3EAD( 02.9999)LN.DIUOC. OIAPH.hDPT. AS.FSllLT.RS;R,gMIN,ESR 
‘’EAD‘O2.9999)LN.FcULT.F0r.FcPC*FTENT.FTEN8*rNP8.FV.*V 
READ(02.9999)Ltj.NSl:C.’f4eTR,  . (DISK  I > .B^,  . ( I ) , 1 s 1 , nS^C  J 
IFMCOMP  -100)22.21.22 

21  NEAD(02.'»999,LN.WC9,TCS.  INCS 

22  return 

50  F0ftHAT(A72) 

9999  FORMATIV) 

FNd 

subroutine  SR2 
character  t*tI-E*72 

COMMON  D!ST(4)  .BMLH  4)  .BMDuTM)  ,BmDlE(  A)»ETBNTl4)  , 

fbbwtca)  ,ftsdl(4)  .fbsou<4)  .ftcduIa*  .fbcDuU); 

rSCDL(4).FScLL(4).FTL'L(47.FBLL<41.FTT0T<4). 

FBT0T(4).  Y(4).  Vi  L{2>.'FST!3T(4),A(5).yA(J)rSlo(5»; 
CONLL,B>.M(4).FTPI,4l,EBPl(4),FiT,4,,FiB,4), 
P2T(4).F;>B(4).F3T(A).F3R(4),XP<l7).XU(i7t.VDL(2), 
DVi2),T(3(2).SPACE(2);vU(j),YFS(4>.BMCDL(4). 

U(4l  .TITLE. lDC.STRNs;YM,Ve, loBOx. IDUD, tCOMP. 
jDSfC.  lOTpT.ELOAD.SPAN.SDL.CDu.AuUr^'F JmP'FLL  >W9. 


ROXl .S0.ST.Q. ACMP.CMPI . YTC. YrC. yTsC.STc.SEC.STSc, 
DTSC.  IDPST,FCPC,FTKN^FTHNfj,FNPSiFV.AV.NSEC,J(CB.TcS, 
XNCS.AB0X.PSLS2.NEtR|.'.LlNES,l)M.UMD.STRMNTTSE7AWj, 
VRLU.DFLG.EMIN.ESR 
tFeiQBaX-l)20.5.5 
5 ABOX  I 0.0 
.YgOX  r 0.0 

RnXl  = 0.0 

A(l)  I WB»l2.»TTS 

YAtl)sDB»l?.-TTS/2. 

310(1)  a A(1).(TTS)*#2/'18. 

VA(2)*T9S/?. 

y(2)  s 

A(2)  s yB»l2.»TBs 
R10(2)  X A(2)»  tBs**^^^2.’ 
n X DB»12.-TTS  - TBS 
A(3)  s <2.*TSW  ♦ TMWf'D 
YAt3) =TBS*D/2. 
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l57o  ■’10(3)  = A(3)»I)*n/i2. 

1580  VA»4)=VA(3) 

1590  A(4>  r 2..dh»dH 

1600  IFtiDBOx-?  )2.1.2 

1610  1 A(4)  j 2. *4(4, 

i62o  2 ')I0(4)  = A(4)*(DH)*»^/10:  ^ A ( 4 > * ( D/2 . -Dh^3  . ) ••2 

1*30  A(5)sWB«4. •delta 

1640  VAC5)=oB«l?.*nEi.TA/3: 

1650  8I0(5)sA(5)»DtLjA»*2/l8. 

1660  DO  3 1,1.5 

1670  ABOX  s ABOX  » Adj 

i68o  ayboxsayiox*a(  n.YA(  i ) 

1a90  3 aoxi  < BOXI  ♦ BlO(n 

1/00  VB  • AYBOX/ABQX 

1710  Yy  s DB«12.  - YB*DELyA 

1720  00  4 I * 1,5 

1730  4 BOXI  • BOXI  ♦AC  I )*(Y1-YaU ) )»*2 

i74o  58  • BOXI^YB 

1750  ST  • BQXl/YT 

l/»0  Q • A(l)»(yA(l)-Yg)^j(4)>«2.*<DB*12*-TTS-DH/3.-Vg>*<2.«TS»C*TMW) 

17704  •(DB»i2,-yy5-YB)*»2/?, ♦A»5)»< y*(5)*y9) 

1780  WtS  ih0«12. 

l79o  A^ECT  . ABOX 

l800  SECTI  s BOXI 

IglO  DSECT  = 0B#12. 

1620  gg  • 2.»TSW^  TMW 

1830  urIte  (6.46)  Mils 

1840  WRITE  (6.49,4Q,dB,TTs,TbS 

i850  WRITE  <6,50)TSW,TMW,nH.DELTA 

£860  WRITE  <6.53> 

1870  WRiTp  (6,51)igQx»Yu.YT 

1880  WrItE  (6.52>BoXI1'sB.sT'0 

1890  48  F0RMAT(1X.a72//) 

l9oo  49  F0BMAT!"B0X  width  * ".F7.3."FT«,/ 

1910  S "BOX  DEPTH  , ".F7.3,"FT",/ 

1920  i "TOP  Slab  = ".f7.3,"jN"./' 

1930  i "BOTTOM  SLAB  , ".r7.3,"IN") 

1940  50  FORMATCwSIOE  wall  . h . F7 . 3 , • I N, , / 

i95o  A "CEN.  WALL  s ".F7,3. "IN",/ 

196®  * "fillet  s ".F7,3,"IN",/ 

1970  t "DELT*  = ".f-7.3,"iN") 

1980  51  PObMAt("sECtION  PpOPEgTlSs 

1990  i "AREA  , ••,Fil.2,"SQ,  IN",/ 

2000  4 "YT  3 •.Fil.2,«lN",/ 

2010  4 "YB  = ",Fii.2*"lN"> 

2020  -2  FoSmaTc"!  , ", Fll . 2, " 1 N«*4"; / 

2030  4 "SB  = ",F11.2i"IN»»3"7/ 

2040  4 "gy  s ".Fll.2,"lN«*3"7/ 

2050  4 "’)  s ",Fll.2,"lN»»3"»/) 

20*0  53  FqRMATCIH  /, 

2070  return 

2080  20  SB  • SECTI/YB 
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?090  s Sb'CTI/YT 

2100  in ICOMP-100)35,40.40 

2110  35  WRlTEIft. 48)1171.6 

2120  -:RlTF(^,.58)ASECT,SfcCfl  .YT,YB;wTs.9B,S8,ST 

2130  ReTURN 

2140  4O  ASlA0  = T-S»WrS»XN|;S 

2150  YeLAB  S Yj  ♦ 

2160  BIOS  : *SLAB*TCS**2/12, 

2170  ACMP  . ASECT  ♦ ASUA4 

2180  AYC^ip  I ASLAB*YSLAb 

2l9o  Y8ARC  I AYCMP/ACMP 

2200  CmPI  = SECTl  ♦ASUAB*YSl48,*2  + BIOS  -ACMP*YflA«C«*2 

2210  YTq  s YT  -YgARr 

2220  YBC  = yB  ♦YBAhC 

2230  Yjs^^  = YtC  ♦ T^S 

2240  = CMPI/YyC 

2250  SBC  s CMPI/YBC 

2280  STSC  = CIPI/YTSC 

2270  OTSC  s asla8»<ytsc-t5s/2;) 

2230  WRITf(A>48)TiTLe 

2290  WrI Tb( 6. 58) AsECj-sECf I • YT . YB , WTs» BB , sB , ST 

2300  WRITE(6i59)WCS.TCS.XNCS 

2310  WR1TE(6.55)ACMP,CMP1 

2320  WRjTE(6i56)YTC.YBC,YTSC 

2330  uRiTE(6.57)STC.SBC.S»SC,!1TSC 

2340  55  PO(»MAT(.iACMP  ^ ntri2.3,„lN»»2n»/ 

2350  4 "CMPI  = ".Fj2.3."1N«»4"» 

23*0  56  fORMATC'YTC  = " , Fl2 . 3 , " I N"  , / 

2370  8 "YBr  = ".ri2*3i"IN"./ 

2380  i "yjs^  = ".Fl2.3.>'lN") 

2390  57  FoRmaT<"STC  5 n.Fi2.3»"lN»«3"T/ 

2400  i "SBC  = ",Fi2.3,»1N«»3"?/ 

2410  8 "STSC  = ",Fi2.3,"IN«*3",/ 

2420  8 "QTSC  = ".rl2.3*"lN*»3"7///) 

2430  58  FORMAi.("AcFCt  s " . h 2 . 3 • " I N»*2"  . / 

2440  8 .iSECTl  . .. . Fi2 . 3 • « lN»»4»  , / 

2450  8 "YT  . ".Fi2.3<"IN"i/ 

2460  8 "TB  i ".Fi2.3,"1N",/ 

2470  8 "WTS  s ".Fl2,3,"lM",/ 

2430  8 "OB  r ".rl2.3i"lN"»/ 

2490  8 "3B  = ".Fl2.3»"lN»*3"7/ 

2500  8 "ST  . ",Fi2,3* "1N«»3") 

2510  59  FORMAT(""ICS  e " . Fi2 , 3 . " 1 N"  . / 

2520  8 "TCS  s "•fl2-3'"IN"./ 

2530  8 "XNCS  = ",F12.3,"IN",///) 

2540  Re^^^N 

2550  pnD 

2560  SgBROy^I'JE  SR2A 

2570  character  TITLe»72 

2580  COMMON  D I ST  I 4 ) . BMLL  < < ) • B'4!3l-T<  4 ) , BmDlF  < 4 ) 7^  TBWT  t 4 ) , 

.5901  FbBWT(4) ,FTSDL(4) ,FBSnl.( 4) .rTCDL(4> ,fBcDL( 4>, 

260  0 ! FScDLl  4 ) . FSCLL*  4 ) . FTl'L<  4 ) , FBLL<  4 ) . FTTOT  ( 4)  • 
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?6ios 

26204 

J63O6 

26404 

26SQ4 

2660.4 

26704 

26804 

26904 

27004 

27104 

27204 

2730 

274O 

2750 

2760 

2770 

2780 


2810 

2820 

2830 

2840 

2850 

*86'' 

2870 

2880 

2890 

2900 

2910 

2920 

2930 

2940 

2950 

2960 

2970 

2980 

2990 

3000 

3010 

3020 

3030 


3060 

3070 

3080 

3090 

3100 

3110 

3120 


1 

2 


3 


4 

5 

6 
7 


8 

9 


61O 


l3 

41 

42 
44 


fBT0T,4),Y,4).VLL(2);r3TilT,4),Af3,,rA(5);BI0f5), 
CONLLI  8)  ,M(  4)  .ftp!  { 41 . f Br*  I ( 4)  . F iT  ( 4 ) # F iB  ( 4 ) , 

^2^<4>  «fp8(4)  ,F3T(4)  ’FiB^)  ,XP(i  7)  .VDL(2)  , 

iVl?)  , TG(2)  .SP;^CE(^)  . VU(?)  , YFS(4),BMCnL(4>  . 

I ( 4) , Tl  Ti  E,  IDC,  STRnS-’Ym-  TE.  iDBoXf  lU,  D»  lCoi..p, 

IDSEC,  IOTpT.FlOaDiSPAN.SDl.CDL , AllFR.FImP.FLL.wB, 
OB/TTS.TBS.TSW,TMH,Di^,DEUTA,nSEcT,ASECT.SECn  ,¥t. 
7B,WTS.BB.I)IL0C.DIAPR,Hd(*T,AB.FSUu''.BS.R7FCULT,FCI. 
80X1 .SB.ST.Q.ACHP.CMPI lYTC.YPCtYTsC.STc.SBC.STSc, 
QTSC. IDPST.FCPC.FTENT .F  TENB , FNPS . F X , A V , NSEC , HCS , Tc9, 
XNCS. AMax,PSLS2.NETRL,L!MES,llM,UMD.STRMN,YSE7 AYJ. 

vrll.dfur.fmin.esr 
IFMDLO  -10  )3o»l»30 

WLLF=FL0aD-54 . 

1fIWLLF'2.3.3 

c8Hti:;2!:-57!72 

C0NLL(3<=4n. 

CONLL ( 4 ) =3? . 

C0FiLL(5>=P.8 

gOfiLL(6>=0.0 

^0Nil<^'=33.2 

C0MLL(8>=28. 

GO  TO  4 

C0NLL(1).4.6667 

C0NLL(2>Si46. 

COljLL(3>=7?, 

C0NCL(5)59.333 
CONULC  61=7. 

C0lilLL(7)3l27.3 

CoNll<8’=56. 

IFtcPAN-C0NLL(2)  >5.6.'6 
ZM,Ti .-C0NLL(1)/SPAN,/2. 

GO  TO  7 


ZM-  ,5 

FLiFLOAD/CONLLO) 
FIMP=50,/(SPAN*125,  ) 
!fTFIMP-.3)9,9,8 
FIHps.3 

IF{FlOAD  - 54.  )60.61^,6i(J 
30  10  I 3 1 ,NSEC 
Z X DISTdl 

IFtZ  - .‘i>i2»ii<i2 
L ^ Z M 

CsHl  = SP*N  , L Z) 

IFtSpAjj  - Coi4LL<2)  )ll, 14414 
IF»,3333  - Z)4l,46i44 
lFCZ»SPAiJ-r,0NLL(8)/4i  )42;i7,i7 
lFtSp4N-24. )44,43.43 
8ML  s C0i4LL(4)/2.»SPAnZ4.* 

GO  TO  10 
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3l3n  '^MLs(SPAN-7.  )/SPAN*3?.*('3PAN/2.-3.'5) 

3I4O  GO  TO  10 

515(1  46  |f■^2•SPAN  ♦rONLU(8>/’-"SPAN)i5.l5,47 

316(1  47  irtz^gPA'J  ♦CONLL(8)/4.-cPAN)49. 48,48 

3170  40  8MI.  5T1.-  7)»OONLL(4;/2.aZ«SpAN 

3i3o  „ [;0  TO  12 

3190  49  PML  .(SPAN  -(Z»SPAN+  7 . ) 1 /SP  aN*C0nI.L  < 4 1 *Z ‘SP  AN 

3900  GO  TO  10 

3210  l5  fZ  «672.*  7 

3220  GO  tO  15 

3230  l7  rz  r (!.♦  3..  Z)»112t 

32l0  ® CONLL(3)  * CdM{  - PZ 

32.0  GO  TO  10 

3260  lA  BmL  s (.52  * span  * {8.)8  ^-BhI 

32ZQ  lO  BMLU(I)  a BHL  • FL  * AluFR  •(  1.*  FJMP  ♦ FLU) 

3280  GO  TO  2O1) 

3290  60  no  90  J , 1 , NSEC 

3300  Z - PISt7  I ) 

3310  lFfZ-.5>62.6i-62 

3320  61  ZM 

3330  ftZ  CBMl  > SPAN*Z»(1.-Z) 

3340  IftSPAN-  c0NLL<2)  )63.'64,fi4 

3350  63  IFt. 3333-2)71. 76, 76 

3360  71  1F(2»SPAN  ♦ 14.-  SPAN)85f72,72 

3370  72  RmL  , C0NLL(4)»SPAN/4. 

338O  GO  TO  90 

3390  76  lp(Z»SP*N  ♦ c0^I-L(8)/2.-SP4^NT85,77i77 

3400  77  BmL  s (l.-7)»C0NLL(4i»2.BpAN 

3410  30  TO  90 

3420  85  FZ  , llZ.«  Z 

3430  BML  * C0NLl.(3)*CfiMl  i F7 

344O  GO  TO  9O 

3450  64  0ml  i(.32.SPAN  ♦ l8.!»C0Hl 

3460  9O  0MLL(I)  e RML»FL»ALLFB*(i. ♦fTMP  ♦FlL  ) 

3470  200  2 X .25 

3480  DO  2o  1=1.? 

S4»0  VL*«  .32»SPaN#(1,-Z)*?6.  )4{1.:.Z) 

3500  JrtSPAN-oONLL<8) )l*.i9>l’ 

3510  18  !F(1.-z-<CONlL(8)/2.>s'’aH))2i.19ii9 

3520  2l  F0iC0NLL(6)/SPAN 

3530  VK0»C0nLL(4) 

351O  GO  To  22 

3550  l9  F0*c0NLL(5)/SPAN 

3560  VK0»C0NLL(3) 

3570  22  VTRK,VKO*(l.-Z-FO, 

3580  IF tVL-VTRK )23. 24. 24 

5590  93  VLL(I)=VTRk 

3600  GO  TO  25 

3610  ?A  W(.l<i)»Vl 

3620  ?5  piMP«5n./(SPAN»(l.-Zi*l25.  ) 

3630  IF»FIMP-.3)27,27,26 

3640  ?6  FimP*,3 
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3650 

27 

3660 

?o 

S67o 

^68*’ 

3690 

3ol 

3700 

3n0 

3710 

3720 

91 

ml 

92 

3750 

93 

3760 

3770 

3780 

94 

3790 

3800 

95 

96 

3810 

3820 

97 

3830 

384° 

3850 

98 

38603 

387o 

99 

3880 

3890 

lOO 

3900 

lol 

3910 

3920 

102 

3930 

105 

394o 

ini 

3970 

30 

3980 

3990 

4000 

4010 

4O2OI 

40303 

40403 

40503 

40603 

4O7O3 

40803 

40903 

41003 

41103 

41203 

41303 

41403 

41903 

4160 

VLL(  I )=VI.L(  I )«f  L*ALLFR«(I,*FlMP*FLL) 

Z»;333S 

fIMP  * 5o./(SP*N*125t) 
iFtFlMP  -.3)3na,30U,i0l 
FIMP  s .3' 

VRUil  *(.32*SP*n  ♦ P6. 

rFfCLLF)"}!.  94,  94 

irfSPAN-  C0NLL(8)/2-»92,92.93 

VRTuL  s C0NLL(4)»Fl»  AllFR.(, .♦FIMP  ♦rUD 

r.o  Tn  99 

VRTil  ~ ( Cqnll*^’  * * 1 • ■ < Cf^tgLi  * 9 * . /SpA^  ) ) •!  . ) 

V^t^L  s v‘^T'-l-»FL«ALL'FP.H.*FlMP*rLL) 

Oo  TO  99 

IFtSPA>J  -CnNLL{8)/2. *95,95.98 
IFtSPAN-  CnNLL<8>/4. *96, 96*99 
VRTll  » cf’'^'-L(A)/2.,FU,;jLLFP,<l*  ♦FIMP*FI-1-) 

(*0  Tq  99 

VPTll  = ( C0NLL(4|/9.*  (I.-jCOnLuSI/A./SPAN)  ),32.  ) 

VRTll  » VRTLL»FL*ALL'FR.Il.*FIMp*rLL) 

Go  To  99 

VRTLLe(  C0NLL(4)/2,  ♦ ( 1 . ■•  ( CQMLL  ( 8 ) /4  , /SPAS  ) ) •32  . ♦ < 1 . - ( CQSLL  ( 8 ) /2  . 

/SPAN j ,»8. )*FL»ALlPR«(1. 4F IMP*FlL, 

IFtVRULI.-VRTLL)ioO<160'  iJl 
VRLL  s VRTll 
lFtlOTPT)30,102,i02 
VR.  L = VhUll 
lPCioTpT)30,102.102 

.RITe{6.105)RMLL<l>,  .LU{t).yLU(2l.uRl.L 
F0RMAT<»MAX  LL*I  MDMSNT  . ».F6.1,„FT  K1PS«,/ 

"l.L^I  SHEAR  AT  L/4  PT  S " , F $ . ^ , "k  I PS " , ^ 

"LL*I  shear  at  l/i  PT  e",Fg.l."KlPS",/ 

"lL*t  «",F8*1*"k1PS'’*///> 

Subroutine  sr3 

character  TITLE»72 

COMMON  DIST(4) .BMLL(4) .BHDLT<4),BM0lP(4)tPTBHT(4)  , 
FBBWT{4),FTSDL(4^.PB9nL(4) .FTCDL<4> ,fBcDL(4>. 
rSCDUI A> •FScLL(4),rTlJL(4l,FBLL<4),FTT0T(4), 

PBToT(4),Y(4), VLL (2).FST(1T<4},A(5),YA(b)TBlo«5l, 

C0HLL(8).M(4),FTPI (4»,FbPi (4y,FiT<4).FiB(4), 

P2T(4),F20(4),F3T(4).F3B»4).xP(i7).XL(i7}.VDL(2). 

nvt2>»TG(2>*SPACF<2).'vJ(;j).YFS(4).BMCDL<4). 

L(4).TlTLe. Ioc>STRNS;YM,9g, I^bOX' tOLQ. IcO^P' 

IDSEC,  I QTpT , Fi  g aD  I Sp  An  , SD,  , rDi  , A|  1 FR , F I wP  , Fi  ■ , W9 , 
aB:TTS.THS,TSW,TMW,D3l,nEl.TA,nSEcT;AseCT,SFCTT.,T. 

YB* WTS.BH.nlLOC.DIAP  < , HOPT , AS , FsUl T , RS , Rt FCULT , rC I . 

30X1 .SS.ST,Q,ACMP,CM!il .y7C,YRC.YTSC,STc,SSC,ST8c. 

QTSC, 10PST,FCPC,FTENT,FTPNh,FNPS»FV, AV,NSEC,MCS, TCS, 
XNCS.AHOX,PSlS2,NETRl.',UINES,IIM.UM0.STRmN.YSE,  AVj, 

VRLL, DFLG. EMIN, ESR 
N * 1 . /(OILOC  *2. > 
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4l7[) 

«180 

4190 

4200 

4210 

4220 

4230 

424O 

4250 

4260 

4270 

4280 

4290 

43“0 

4310 

4320 

4330 

4340 

4350 


4360 

4370 

4380 

4390 

4400 

tnl 

4430 

4440 

4450 

4460 

4470 

4480 

4490 

4500 

45i0 

45204 

4530 

4540 

4550 

4560 

4570 

4580 

4590 

4600 

46*0 

4620 

4630 

4640 

4650 

4660 

4670 

4680 


WDIA»DIAPH»(i./DILOC  -l.J/2. 

no  10  1=1. NSEC 

X = d1ST(  I )«SP^N 

BMDLy ( I )=x»RniA 

no  10  Jsi.N 

XN  S J 

XD  * XN»DIlOC  •SPAN 
ir tX.XD)l,?,2 

1 aM^O.O 
1^0  Tn  10 

2 HMxDIAPH»(x-xD) 

lO  HMDLT( I ,:BMDlT( I ,-HM 
irlicoMP  "1 00 J 11 ’ ^0 ' 11 
no  jO  I = ^.NSEC 
X * dIST( I ),SP*N 
X s span/2. •X-X*X/2. 

BmDLt(I)  =RMDLt(1>*  T'AcSCt*. 15/144 

20  9MDLF  ,1)  = SDL*)( 

21  IFMDlS  -10  >4l,4o.''41 

40  GO  TO  42 

41  nO  43  I = 1 iNSec. 

43  b^li  (I)  = ’ 

42  DO  44  J =1 (NSEC 

45  FTBWT(I)  - BMDLTt I )/5T»l3, 

46  rBBWT(i)  =-BMDLT{ 1 )/5B*, 2- 

47  rTSoL(i)  X 1 )/sT,i!, 

48  FBSDL(i)  =-BmDLF( I )/iB»l?. 

49  FTLL( I ) . RMLL( I )/ST*i2. 

53  PBLL(I)  S-RMLLdl  /SB^ip.' 

54  rlTOK!)  = FTb“^<  ! >*fTlL(  I) 

44  pB70t(i)  = f-BBiJTC  i)*pQSDL(  I I ) 

!Ftl0TPT)156.55,55 

156  return 

55  WR:TE(6.15o) 

I5O  FORMaTC'STRESSES  in  BXTrRME  fibers  due  to  external  loads  - 
KlPS  per  so.  in.") 

NRl7Et6.?73)(I.I=liNSEC) 

WRITE(6.274){DIST( I )“l=l7NSEC) 

-IR1TE<6.276)  (FTBhTI  I I=1,NSEC> 

4RITe{4,277) (FBBWK I i , I=1.NSpC> 

RRTTe(6(278)(fTSdL< l4. I=1.NSfc> 

WrItE(6.277) (FBsO,  { 1 1* I = I«nSEC) 

«<ritE(6i282)(FTll(  I ).  i«i;nsec) 

RRITE(6.277)<FBLL(I>;i=ifNSEC> 

RRTTE(4.284) (FTTOT( I I. I = 1,NSeC) 

WRlTfC 6.277) (FyToTI l*. Ist.NSpc’ 

273  FoRHATC'NSFC  '•".13)(.  tl.3(9X.  id  ) 

274  FoRMAT(„I)IST  -»...10X.F5,3.mLh.3<4X;F5.3,..L")) 

276  F0RMaT("BEAM  WT  tor  “".8X,T7ct.3<3X,F7.3») 

277  foRM^TC*  gOTfON  -".RX.f7.3,3(3X»f7,3)  ) 

278  FoRhAtC'sDL  top  . By. T 7 . 3 . 3 ( 3x* F7 , 3 ) ) 

282  format, "LL  TOP  ■*".8x.F7.3>3(3x.F7 .3  J ) 
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4690 

4700 

4710 

4720 

4730 

4740 

4750 

4780 

4790 

4800 

4810 

4820 

4830 

4840 

4850 

4880 

4890 

4900 

49,0 

4920 

4930 

4940 

4950 

4969 

4970 
4980 
4990 
5000 
5010 
5020 
5030 
5040 
5050 

5O6O 

5070 

5080 

5090 

5100 

,110 

5120 

3130 

5140 

5l5o 

5180 

5190 

52004 


-•".8x,F7.3>3(3x.F7.3)  ) 


70 


80 

81 

82 

83 

84 


284  FoRmATC'TOTAl  TOP 
LINES  = 19  ♦ NSEC 
SeTUHn 

OO  80  j » 1 > msec 
X=UIST( I )oSPAN 
X. SPAN/2. ‘X  - X»X/2. 

3MDLT(j)  = BMDLT(I)*  X»aSECT,. 15/144. 

8MDLF( I ) s SDL*X 
oMrcLCi)  = CDt.X 
iFC.DlB  -10)82.81,82 
9.0  TO  84 

no  83  I B liNSEC 

8MLL(I)  e BMLL< I )«rLrtAO.lLLFR»(l.*FlMP*FLL) 

30  85  I » I.NSec 
BhDl'''* I 

FBBVlT,!  )=-BMDLT(l  )/S3»l2: 

PTSDLd)*  8MDLF(  I )/Sf»l2.' 

pbsdli I ) = -8Mdlf( I )/s^»i2; 

EjEBtii;:  5S6Biii!i;?;6:;h. 

FSCDL,1)i  BHCDL, 1 )/1TSc4i2, 

FTLL(  I ) . 8MLL( I )/Sfc  • 12. 

FSLL(I)  s -0MLL(I)/S9C  • ip. 
rScLL(p=  ' ’^STSC  9 12. 

fTYotd)  * FTSUTil)  *FTsB|  d)  ♦ 

fbToT(I)  r fbbut,!)  *Fasot(i)  ♦ 

85  FST0T{I)  s FsCDLd)  «rScLLd) 

IFilOTPT)l77, 178,178 
179  4RlTe  (6.150) 

wpl7E(6.373)  ( I . I*l<|g!iEC) 

WfllTE(6,374)(DlST(l )VI=i»NSEr) 

4RtTE(6.376) (FTSwtd  ». I*f ,NSfC) 
WRlTE(6.377)(rHBWT( I ). 1=1. NSEC) 

URITe(6.378)  (fTSoL(  1 1 . I = 1.NSf:c> 
wrT TE(6,377) (FBcOi  < I > ' J=f >nSEC) 
WRtTE(6,J8n)(FTC0t{I), UI.NSFC) 
i^Rl  TE(6. 377)  (FUCDL<  I J,  Uf,  NSEC) 

4RITE (4,30?) (FILL d ) ;i»l#NSEC) 

WRlTe(  6.377)  (FgUL(  I ) ,’i’'1«NSE(.) 
WRlTe(6.384)(FTToT(l7, I =f .mSEC) 

WRTTE(6.377> (F8TOT( I) , I=t .NSEC) 

373  FORMATC'NSFC 

374  F0SHAT("D1ST 

376  rORMAT("BgAM  WT  TOP 

377  POoMAjC  BOttOB 

378  rot5MAT(MSDL  TOP  '‘«.6x,F7.3.3<3X.F7.3)  ) 

FoRmatc'CDl  top  *".8x.F7.3.3(3X,F7.3j  ) 

FoRMaTC’LL  top  «",5X,F7,3,3(3x,F7.3)  ) 

FOfiMAT("TOTAL  TOP  . Sx . F 7 . 3 * 3 ( 3x • p 7 . 3 1) 

WrItE(6,176)Fst0t(1) 

176  FqRmaK//.  .composite  STrPSS  in  slab  = ..F7.37' 


380 

^82 

384 


FT^Di  d) 
FBCdCj I ) 


-”'.13X.I1.3(9X.Ii)) 
4".10X.F5.3,"L«,3<4X;F5.3,'»U’ 
‘'",8x.f7.3.3(3X.f7.3)  ) 
-",8X'F7.3,3(3XtF7.3)  ) 


) ) 


KlPS  PER  SQ.lN 
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9210 

5220 

5230 

5240 

5250 

nC. 

52604 

52904 

53004 

mli 

53304 

53404 

53504 

53604 

53^04 

538q4 

53904 

5400 


5430 

5440 

5450 


546g 

5470 

5460 

5490 

5500 

59ic 

5520 

553O 

5540 

5550 

5560 

5570 

5580 

5585 

5590 

5600 

56l0 

5620 

5630 

5640 

5650 

5660 

9670 

5680 

5690 

5700 

5710 


177 


1 

lO 

2 


5 

6 
ll 

4 

l3 


flO 

85 


peturn 

End 

Subroutine  sr4 

character  TITLE*72 

COMMON  DIST(4) .BMLL(4)«BHDlT<4) .faMDuf {4);f‘TBHTt4,, 
rBBHT(^ ),FTSnL(4),rBSDL(5),FTCDL(4),EBCDL(4), 
PScDL(*>»FScLH4)  ,rTLxt4l,FRLL<4>  .FTTOTI4) . 
FBToT<4).Y(4),vLL(2).FSTQT(4),A(5),YA<5)fBIo‘.5j, 
C0Nll,8i.M,4).FTPI  .4^,F0Pl  jA-j.FiT  4,,FiB-4), 
r2T(45.F20(4),F3T(4),F3BM),xP(l7).Xl.(l7»,VDL(2), 
nV^2>.TG<2) .SPACECj) ,VU( j), YFS(4>.bMCDL(4). 
L(4),TlTl.E,JDr.STRNS'.  YM.Yfi,  IrdOXi  1LiLU>  ICOMP  , 

!DsEC,  IoTpT.'LqAD'SpAn'SDL.CDL, ALLFH.Flup.PtL. wB, 
DBVT TS.  tbs. TSW.Tmw.DH, delta, nSEcT.ASECT, SECT J,Vt, 
VBiWTS.BB.nlLOC.OIAPrt.HDIiT. AS.FSUlT.RS.RtFCULT.fCI. 
80X1 .SB.ST.Q.ACMP.CMMI iYTC,YpC»YTsC,STc#SBC,STSc. 
OTSC. lOPST.FCPC.FTENf .FtENB.FNPS.FV, AV.NSEC.KCS.TcG, 
XNCS. ABOX ,PSLS?.NETRi.  ,LIMES,UM.UMD.STRmN,YSE;AVj, 

vrll.dflc.emin.esr 
LINC  » le  ♦ nsec 
lines  a 6 

PI  = STRNS  .^S.FSULT^RS^gSH 

If6iDPST-2)1,2,3 

00  10  I al.NSEC 

Y(l)  , YM 

XS  S 0.6 

(50  TO  4 

HPT  r (SPaN/2.-HdP7)5SP4I9 

Xs  • .6 

Bq  11  I=1,nSEC 
X * DIST{I)-HPT 
IF»X)5.6,6 

Y(l)  = YM  ♦ <YM-YE)*X/^<PT 
GO  TO  11 


Y(I)  a Ym 
Continue 
X * 0 
IiO 
Ial*l 

F i PI/ASECT 
X , P1*(YB-Y(n) 

FTPI ( I ) * F - X/ST 
FbPKP  * F ♦ X/89 
flTl  I ) s fTPi  < I ) ♦ f:T8wT(  I ) 

7lB(I)  s FBPI(I)  ♦ FBBHtII) 

F2T(I,  s FTPni)»R/E5R  ♦ F TpwT  ( I , ♦FTSDH  I j 
P2B(I)  * FHPI ( I i*R/ESR  4 FBRWT ( n^FBSDLI  I ) 
IFMCOmP  -100)80, 85, fcO 
FTrnL(  I )s0.0 
FBCDl(  DiO.O 

r3T(I)a  F2T(I)  ♦FTCDl'(l)  ♦FTlhI) 

F3B(I)=  F2R(n  ♦FBCDL'(I)  ♦FBLL(I) 
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1 

i 


1 


( 

t 

1 5720 

5730 
5740 
5750 
5760 
5770 
5780 
5780 
5800 
58io 
5820 
5830 

lUl 

9860 

9870 

5880 

5890 

till 

9920 

5930 

5940 

5950 

5960 

9970 

9980 

599o 

6000 

6010 

6050 

603o 

6040 

6050 

6060 

6070 

6079 

6080 

609o 

6100 

6110 

6120 

6130 

6140 

6190 

6160 

6170 

6180 

6190 

6200 

6210 

6220 


Kun 

IFtriB(I)-  XS*FCn20V20,601 

20  Ki.t2 

)*fTENT )602.V2*22 

?2  KLs3 

IFkFlT,  1 )*.003«SoRT,^Cl»f0C0. >)603.77,77 

76  K,i 

77  KL»4 

IFjFSB, 1 )*FTENB)604,48.78 

78  KL,5 

!F,F3T, 1 )-.4«FCULT)7V. 797605 

79  KlU 

1F(F3B( I )-.4»FCULTIlf3,lf3,6B6 

11^  IF^  •Ng'^'Sgr)  aO  TO  13 
OO  To.  32 

601  ^RITE(6,701  )I.FlB(I).„S 
80  TO  650 

602  WRITE(6.70?>I.FiT(I) 

GO  to  65O 

603  WRiTeJ6,703)  l.plTd) 

UrItE{6.255) 

GO  TO  650 

604  WRITB(6i704)I.F39(n 
GO  TO  AjO 

605  UR1TE(6,705) I .F3T<  i ) 

Go  TO  65O 

606  WRITE(6i706)I.r3a(I) 

Gq  To  650 

650  IFiIDPST-2)651.651.6t)2 

651  Go  TO  (20.22.76,78i78,13*.KL 

65?  Go  TO  ( 1 2O  • 122  * 1 76  • 1 3^  d t9  • ' KC 

3 Rl*Pr/BSR 

i Pj/ASECT 
xS  ■ .55 

K i 0 
125  I-O 
l2  I«I*1 

X « { .9'DIST( I ) )»2 
Vd)  « TM  * (YE-YM)#X»X 
X«P1*( YB-Y(  I > ) 

FTPl ( 1 )*r-X/ST 
FBpI ( I )sF*x/sG 
FiT(I)=FTPIiI)*FTB9TiI) 
FiB(1>«FBPI<I)*F0BWT?I) 
F2T(n»FTPI(n*R»FTBWT(lKFTSDl.<n 
r2B(t)  » FsPun,R*FhB''T»n*FBSDi<n 
tFtlCOMP-100)90.95.9n 
90  PyCDL( I )»0.0 
FBCDL( I )*0.0 

95  F3T,  I ).F2T(  I ) ♦FTCDLtn*FTLL<  I ) 
F3B(I),F29(1)  ♦FaCDL(l»4rBLL<I) 
kl*i 


1 

\ 
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6230  lFtPl0( I )-XS*rCI  )l20Vl20»6Cl 

6260  120  KL*2 

6250  If  (flT,  ! ,*rTgigl  ,602»i22.122 

6260  122  KL,3 

627  0 If  (f  1 T,  1 ) ♦0.n03»SQRT,-FC  I XICOO  ))  603. 177,177 

6280  176  K , I 

6290  177  KLs4 

6300  If (f3B(  I )*fTENb)604,V31.13l 

6310  131  RL.S 

6320  If ,F3T, I .4«FCULT)179.i79.6n5 

6330  179  kl*6 

6340  If ,f3B, I ) -n, 4 .FCUlTj 112, 112,^06 

6350  ll2  Ifh.NE.NSfC)  GO  TO  12 
6360  32  WRITE  (6.249) 

6370  write  (6,?5(})IdC.5TRNS  .VH,Te 

6380  24  wRlTe(6,25l  ) ( I , Isl.njSEC) 

6390  WRITE(  6,252)  (DIST(  I ) , I siTK'SEr ) 

6400  WR1TE(6.253)  (f  TPI  ( I )',  I=iTNSEC> 

44 10  WRITE<4,257>(fBPI  ( I )',  IsitNSED 

6420  WRlTg(6,254)<FlT< I),}=l,NSErI 

6430  WrItE<6,258) (flB( I ).1=l,NStCI 

6440  WRITE (6, 261 ) ( f 2 T , I ) , i si , NSEC ) 

6450  WRITF(6.259) (F2B( 1) ,?»1,RSEC? 

44 jO  WRlTE{4,25j,)  (f3T<  I I , i = l,OSECi 

6470  'WRiTg(6,260)  (e3B(  1 ) , }*1,  NSep) 

6480  34  LINEs  « LINEj  ♦ LINC 

6490  249  fORM*T(lH  /j 

6500  250  fORMAT{//,"CASE#",  12'.'/ 

6510  «"NO  Of  strands  s ""f4  8 1 Oy " Ym*" , f 7 3,lOX,*YB."  f7  Z /////) 
6520  251  fOftM*T("NSFC  -",17X. ii;S{9x; jl)  ) ’ ' ‘ 

6530  252  fOftMAT("DIST  , l4x'.(^5  . S , "L« . 3 < 4x , F5 , 3 • "L"  ) J 

6540  253  fORMATl-INlTlAL  PRESTREsSi. , / 

655o  A ••  T0P-"8X.r7.3;3<3>‘.f7.3)  » 

65*0  257  fORMAT("  BOTThM",4X,F7,3,3(3x,F7,3) ) 

6570  254  rORMAT("BEAM  WT  ♦",/ 

6580  8 "INIxIAL  PREgfRE.g",/ 

659]  « « T0P-..8X, P7. 373(34. f 7,3)  ) 

6600  958  fORMAT("  BOTTbM",6X.f7,3,3<3X,f7,3)  ) 

6610  261  F0RM4T("bE4M  WT  * SjiL  *"•/ 

6620  8 "1^11,1*1  PRfSTRFsS"7/ 

6630  8 " TOP— ’8X,f7.3.3{3X,f7.3)) 

6640  259  fORMAT("  B0TTr)M",6X,f7,3,3(3X.r7.3) ) 

66*®  ^56  fORMAT("ALl.  loads 

66S0  8 "final  PReSTR|,SS"»/ 

4670  8 " T0'*’"8x,P7.3,3(3x.f7.3)) 

6680  260  FORMAKh  BOTTnMn.6X.f7. 3, 3(3X,f7. 3).///) 

669o  7(ji  f0RMAT(/.".»***0VERS7RtSS»*».»",7 
6700  8 "SECTION  NUMBER", H./ 

6710  8 "pEa”  ♦ INf’lAt-  PPpSlRtSSC, e7. 3. bottom",/ 

6720  8 "Exceeds  •.f4.2,»pci";/) 

6730  7o2  fORMAT(/,"»««»«OVE»STREsS«»».»",/ 

6740  8 "SECTION  NUMRI'R  "Hi., 
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675n 

6760 

6770 

6780 

6790 

6800 

6810 

6820 

6830 

6860 

688n 

6860 

6870 

6880 

689q 

.,00 

6910 

6920 

6930 

6960 

6980 

6960 

6970 

6980 

6990* 

70008 

70108 

70208 

70308 

7O4O6 

7050* 

7060* 

70708 

7080* 

70^0* 

7100* 

71108 

7120* 

7130 

71^0 

7150 

7160 

7170 

7180 

7190 

7200 

7210 

7220 

7230 

7240 

7250 

7260 


i "EEAM  WT  « SDI  ♦ initial  P«£STRFSS(".F7.3,"ITQP"i/ 

8 "EXfjEFDb  FTENT",/) 

7 O'!  FORMa^  (/«  ",»»*.WaRNING»»b.«"»/ 

8 "SFCTIo^j  fjU;iBFR".  Il,/ 

'8  "PEA”  WT  ♦ SDl  ♦ final  PRESTRESS{".F7.3,'')T0P",/ 

8 "EXCEEDS  0.Q3  SORT  ICr»/) 

704  form aT(/,"«»««»OVEHSTREsS »»»•*",/ 

8 "SpCTiON  rUM0j_R",i1,/ 

8 "ALL  LOAD5  ♦ final  PRFstRE..j(",I 7.3.")Ba^70M",/ 

8 mFXCEEDS  PtENT.../) 

7 (,5  Format (/, "««»»«overstrEss***»*",/ 

8 ”SEc'''ION  NUM0I.R",  II,/ 

8 "A,  , , o*°S  ♦ FI.jA,  f RFsTRfcsS(”.F7.3.")Top"./ 

8 "EXCEEDS  0.4  FC'iLT"./) 

7o6  FORMAT! 7. "bbbboQVERSTREsSb***#",/ 

* "SECTION  NUMBFR",!!,/ 

8 "ALI  LOADS  ♦ final  PRfSTRESS(",F7.3,")0OTTOM"./ 

8 "Ej^CEEDS  0.4  FC.LT"./) 

255  format  (/,66hcheck  conventional  Tensile  reinf.  at  top  slab.,/) 
return 


1 

2 

21 

3 

4 

6 

5 


end 

SuBRoUt.NE  SR5(UmRiUl,p) 

Character  title*72 

COMMON  DIST( 4) ,BMLL (6 ) .BMDlT<4) ,bMULF (4)>FTBWT(a), 
FBBWT!^) ,rTSDL(4) ,FBSDL( A ) , F TCDL < 4 > , FBCDL  < 4 ) J 
FScDL (4),FScLL(4),FTLL(4),FBLL<4),fTT0T(4), 
FBToT(4).Y(4),Vi|(2>'.'Fstqt(4),A(5),yA(5)tBIo{5), 
C0NlL(8) ,M( 4) ,FTPI ( 44,FbPI (4,,FiT,4),FiB,4), 
F2T(4).F2B<4),F3T(4>.F3BI4),XP(i7),XL(i7),VDL(2). 
Dvtj)  .TG!^)  ,SPACE(2);(VU(2)  ,YES<4)  ,eMCDL  <4)  , 

L (4)  , T I TLg.  IDC'  STRnS.  YM,  9g,  logOXt  IL'LD*  1C0“P> 


IoTpT,FloAD,SPA\,5Dl»CDi,AiiFr#fTpP,F.,,^8, 

;,TBS,TSW,TMW,DH,D£LTA,nSECT,ASECT,SECTT,,T, 


IDSEC, 

Db;TTS,TBS,TSW, TMW.DH, 0£LTA,nSECT7ASECT ,StCTT , ,T, 
YB,WTS,BP.nlLOC,niAPH,HD»T,AS,FSULT,RS,RjFCULT,FCI , 
BOXI ,SH,ST,0, ACMP.CmIM  . YTC,YRC,YTSC,bTc,SBC,STSc, 

NTSC,  I DPST.F  CPC,  FTENT,  F TFNt, , F NPS  , F V , A V , NCE  C , ViCS  . TqS  , 
XNCS. ABOX ,PSLS?,NETRL ,LINFS,UM,UHD.STRmN,YSE; AVj, 
VRLL.DFLC,EMIN,ESR 
TTS*TTS»CELTA/2, 

IFMdLO  -10  )2,1,2 

OMD  =1.5 
Uml  ' 2.5 
F'O  To  5 

tF(IDLD  -20  )21,3,21 

WRITE  (6,50) 

STOP 

JML  5 2.3 

lFlSPAN-100. )6.6,4 


OMD  » 1.6 
GO  TO  B 

UmD  a 2.  - ,004«.SP*N 

jjMR  s jjMO»(BMOLy(H*RMJLF(l))*  ^jMl«BMH.(1) 
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I 

i 

I 


727n 

728o 

7290 

7300 

ihl 

7330 

7340 

7350 

7360 

7370 

7380 

7390 

7400 

7410 

7j20 

7430 

7440 

7450 

7460 

7470 

7480 

7490 

7500 

7510 

7520 

753O 

7540 

7550 

75606 

7570 

7580 

7590 

7600 

76106 

76206 

7630 

7640 

76S0 

7660 

7670 

7680 

7690 

77OO 

7710 

7720 

7730 

7740 

7750 

776® 

77706 

7780 


lFHCOMP-in0)3til*  300>3Oi 
3g0  UMRsUMH*UMn*BMCDL (1 ) 

30l  4STsAS»STRnS 

iFtlcoMP-ino)3ij.60.6n 

3!)  TTS  = TTS  ♦ DELTa/2. 

= dSecT  '7(5  ) ♦ CEL7a/2. 

P * AST/WTS/D 

FSu  s FSyLj  • ( 1 . - . S^PePSyLf /FCyl-f  ) 
nFLG,  1.4  .Dap*  Fpu  / FCUlT 
IFMDSFC-7)32,31.32 
31  TTS*  dflg 

3*  IF^DFLC  -TTS)ll,tlili- 

10  IFUOsEC-  8)33.33,34 
3*'  BB  * 2.ATSW  ♦ TMU 

33  AsFs  .fl5»FCULT»(wTS-t(B)*TTS/FSU 
ASR  = AST  - ASF 

PpR  = ^SRApSU/yg/Q/f^-ULT 

r,0  yO  12 

11  PCR  3 p»fsu/fcult 

12  !FtPCR-.3)  14,14.13 
.3  IFtOF^G-TTS)  16,16*15 

(5  UMP  = 0.25,Bg.D,D,ff.ULT  *0 . 85,F c^UT, ( WTS-bb > .TTS, ( D'O . 5, TTs ) 

GO  TO  19 

16  UMP  ; n.25#WTb*n*D*f  c^Jlt 
GO  TO  l9 

l4  TFfDFLQ  - TTS)17.17,58 

,7  UMP  = 4ST.FSU*D*(, .-i6»P»FSU/FCULT) 

GO  TO  19 

18  umP  = AsraFsu»D»(1.  -.6»Asr*FSu/SB/D/FCulT)  ♦.85*FCUi.T«(HTS-Rb)» 
TTS*(D  -,5eTTS) 

19  UMP  . UMP/12. 

AVJ  = UMP/STRNS  / AS/p SU/D*12  . 

WRITE  (6.1301U'1RTUMP 

150  FOSM.T(//."ULTlM,Tb  MOMpKIT  RFQUiRrc  = ",f8.0," 

^T-KlpS  "./."UlTIm*TI'  moment  provided  c " ,F8.C.  " 

FT. KIPS  ") 

00  TO  500 

50  FoRMATdH  .ISHMRONG  Ll  CODE) 

4O  n * dsrct  -'^'1’ 

p i aST/W(.S/d 

Fsu  = FSUlT«(1.-.5*P»FSUlT/FcpC) 

DFLG  =1  .4»n»P»FSU/FC{’C 
IFlDFUG  -TCS)61.51.6t' 
ft?  IFMDSec-5)  64.63,64. 

63  IF  (dflg  -TcS  -TTS)6F ,61166 

66  AgF  I . 65»FCpC»  ( wCs'l'B  ) * I tDs*TT  S * 

ASR  I AST  -ASF 

BCR  - ASR»FSU/B8/D/Ff:PC 

IFFPCR  -.3)67,67,68 

ft?  UMP  s aSR.FSU.D.I 1 ,-t6*ASR»FSU/Bb/D/FCPC)  ♦ , es.FCPC.  ( WcS-BB ) • 

<TcS*TTS)»(d  -.5»(Tch*TTS) ) 

GO  yO  l9 
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779r,  UMP  so.25«H0i.D»DoFCpr».P5«FCpC«(l»Cb-8Bl«(TCS,^Ts)»(D'.;)«(TCS,TTS)  ) 

7800  ”0  TO  19 

7610  ft-*  lF^DFLO-TTS-TcS)ftli6!i.0i 

7820  01  JRlTF(6*36n) 

7830  160  format , 'DFPTh  OF  COMp  3l0ck  mQRE  THaN  TCS*TTS,UmP  CALC  APPROX') 

7840  60  »SF  s 0.85  • FCPC  • ( HC5- U T S ) • TCS/ F SU 

785O  *SR  s AST  - ASF 

7860  Pc”  = aSP.fSU/WTS/o/TC^’c 

7870  IF»PCR-.3O)05,85.87 

78dn  87  UMP  » ,.?5»  WTS<iD*0*FCPC  ♦ . 88 CPC  < RCS-U  T S ) •T  tS  • ( D- , . i,»T  CS  > 

789fl  00  TO  l9 

7900  85  U|.,p  s asr»Fsii»0»  ( 1 . -ij , 6«45R»r5U/k.TS/D/f  CpC  ) ♦ . B5«FCpC«  ( wCs-RTs  )• 

7910*  TCS«(0-0.5oTCS> 

7920  50  TO  i9 

7930  6l  PCR  a P*FSU/FCPC 

7940  IF tPCR-0. 3)70. 70.75 

7950  7O  UMP  s aST*FSU»D»(, .-.ft«P4FSU/FCPC) 

7960  go  TO  l9 

7970  75  UmP  •0.25*wCS»D»D*FC)*C 

7980  50  TO  l9 

7990  5oO  return 

8000  fND 

8010  Subroutine  sr6 

8020  character  TITLfc»72 

8030  COMMON  DIST(4),BMLL(4)<0RDLT/4),BMDuF(4)fFTBHT(4), 

8O4O4  F00HT(4) .FTSDL( 4) ,FB».DL(4 ) ,FTCDu<4  > .PBCDL  <4  >. 

80506  FScDL(4).fScLU<4).FTIl<4),FblL<4).FTT0T(4). 

80606  CaToT(4).Y(4).V||_(2)'.  FSToTl4),A<5).YA(‘j)»SIof5), 

8070  8 CONLLI  8)  .M(  4)  ,FTPH4»  ,F0P1  l4T,FlT(4),FiB(4). 

aOeOi  F 7(4)  ,FjB(4)  ,F3T(4)',F30t4)  .yPC  71  .xu<,  71  .VOK  J)  , 

8 09  04  nVf2>  . TG(2)  ,SPACE<i*> - ViJl?)  . YfS<  4)  .BMCDL  ( <>  • 

8IOOA  L*^*'TlTLE.lDC.STRNS'.'TM.TE.lnBoX»lC|D,lCQwp, 

81104  lOSEC.  10TPT.FL0AD,S^A^^,SDU.^DU,ALuN,FIHP,FuL.wB. 

8120*  ')8.TTS.TBS.TSW,TMW,DH.3ELTA,nSfcCT,AseCT,SECTT.VT, 

8130*  T8;wTS.BB,nlL0C.DI*Plii,HDPT,AS,FStLT,RS.RvFCULT,FCI. 

814  0*  ‘’OX  I ,S8,ST,Q,aCMP,CMPI  . Y T c , YpC  . Y T SC  , STg  , SBC  , ST  fig  , 

8150*  3TSC, IOPST.FCPC.FTENT.FtENE.fnPS.FV.AV.NSEC.WCS.TCS, 

81604  XMCS,AHOX,pSlSs>,NETR1 , lines, UM.UMD.STRmN,YSE;*Vj, 

8170*  9RLL.DFLG.EM1N.ESR 

8180  XP^l)  I 1, 

8190  XP^^)  = 1. 

8200  Xpt3)  s 1. 

8210  Xp^4)  • 1. 

8220  Xp{5)  » ,65 

8230  XpU)  s .65 

8240  Xpf7)  = .65 

0250  Xpt8)  = .65 

8260  Xpt9)  = .5 

8270  XP(IO)  * 1. 

8280  XPtll  ) . 1 . 

8290  XPC12)  * 1. 

8300  Yptl3)  = 1. 
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l3l0  yP{14)  e .(>5 

3320  XP(15)  r .65 

8330  )'Pfl6)  * .65 

aSjO  XPtl?)  = .AS 

8350  Xl(1)  = 0.0 

83»0  X.  (2)  » 5, 

8370  Xl^3)  I 10. 

8380  XlH)  I 15. 

8390  X,  t5)  a 24. 

8400  X^_t6)  a ?9. 

8410  X^t?)  a 35. 

8420  X,  (6  ) a 40. 

8430  X,  (9)  a 48. 

8440  X[;(10)  a 56. 

8450  XLHI  ) a 61  . 

8460  XlH?)  a 66. 

8470  Xj_  tl3)  a 71  . 

8460  Xj_H4l  a 80. 

8490  X.  M5)  a 85, 

8500  X.  tl6)  a 91  , 

8510  X,  tl7)  a 96. 

8520  Im  ICo,,p-1oO)i50.15iVi5o 

8530  150  7CS  a 0.0 

8540  151  OSECT  a DSFCT  *TrS  » DFLTA/2. 

855O  SPMM  a DSECT  *0.75 

8560  SPMN2  a *V/, 0025/08 

8570  IFfSPMNl  -SPmn2  ) 1 0 iV 1 3 1 » 1 0 2 

8580  lOl  SPMIN  a SPMNl 

8590  00  TO  103 

8600  lo2  SPMIN  , SPMN2 

8610  ln3  4 a SDL  *001  * ASECT*. 157144. 

8620  X a .25 

8*30  2 no  20  1*1,? 

8640  '^nL(l)  » SPAn*W«(  .5-X > ♦ nlAPH«(1.001/ulLCc  ^ 

8650  IFMDLD  -10  )8?,83V82 

8660  83  UMLa2.5 

867o  00  TO  81 

8680  82  VlL( I ),0.0 

8690 

8700  XPPPa  SP*N,(1.-X) 

8710  Oq  5 n,  = l.l7 

8720  xPP  aj(PPP-)(L(N) 

8730  IFIXPP,4,5,5 

8740  5 VLLd)  a XPPaXP  ( N ) /SPAN  * VLlID 

8750  XPP  a XPP  - 5. 

8760  IF(XPP)4,4,3 

8770  3 V.  L ( I 1 a Xpp»Xpp / 2 0 . / $8 AfJ ♦ V.  . < I > 

8780  '•  tr(X.SP*N-8.  ) I2.l2,)l 

879o  ll  VLL(I)  a VILCD-  0 . 5»  ( X-S  . /SPAN  ) 

agOO  12  XLL(I)  a VI  L(  I )»FLOAtj»<l  .•♦F  lMP»ri,L  UALLFR 

8810  8l  XjjaSPAN*!  .5-X) 

8820  !F( 1DP57-7)6.7,8 
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8830 

ASi” 

8850 

8860 

8870 

8880 

8890 

8900 

8910 

8920 

8930 

8940 

8950 

8960 

8970 

898o 

8990 

9000 

9010 

9020 

9030 

9O4O 

9050 

9060 

9070 

9080 

9O9O 

9100 

9110 

9120 

9130 

9i4" 

91501 

9160 

9170 

9180 

9190 

9200 

92«04 

92204 

92306 

9940* 

92501 

92601 

92706 

92804 

92904 

93006 

93108 

93208 

93304 

93404 


6 Tvt'l)  =DSECT-VM  ♦DEi.TA/2. 

00  TO  9 

3 OVtp  *DSec^  -<TMtCXii/Sp^N»2.  ),,2,(rE-VM)  )*dELT4/2. 

"0  To  9 

7 IF{HDPT-xn)10,6,6 

lO  TqM)  ^ (YF-YM)/(SPaA'/2,-*HDPT)/i2. 

3vU)  =DSECT  -(  YM*(xb-'^DPT  )»tG(  I ,,  )♦  DELTA/j 
9 Pp  « ^S.STRNS  ,FSULT,R3,R 
VU<I)  »UMn«VDL<I)*UMl 'ViLd) 

OJ  s DV(1)»AVJ 
VC  5.1tt*BR«Dj 

SPACE(I)  - AV»rv»DJ*P,/(VU( Il-Vc) 

Ip^SPAjEt I ) )200.?01.»0l 

201  !F  tjPACEc  I )*gPMlN)20'.'2O,?O0 
20°  SPACE(  1 ) s SPMIN 
20  = -3333 

-iRlTFt  j.jDSPACEd) 

VRITe(6.51)SP.cE<2I 

50  PoR„At(’AT  1/4  pT.rEquIrED  StIRrUp  spacing  s''.r7.2.' 

51  format, >AT  1/3  PT.HEeUlRED  STIRRUP  SPACING  a*.r7.2.t  iR,') 
IFMDLD-in)70,2l0.70 

2,0  OLVR  = HaSPAN/g, 

RVULL=  dlvr.umd  ♦uml.vRll 

REACT=  D|_VR  ♦VHll 
yRtTE(6,52)REACT 

52  POfiM*T( 'DL^LL*!  reaction  PER  BEa«  ; '.FIO.E.’  KiPS  ') 
IFHCOMP-inO)70, 71,76 

'^Dt  * cDU*SP4N/2. 

RVULL  * Rr)L»uMD  ♦ VrLL’u^L 

HSHR  - R'/UUL  •OTSC/CmPI/WTS.IOoO. 

MRITE(6>54)HSHR 

FOPMaTCUlT  shear  stress  RETweEN  slab  aND  beam  aT  reaction  ’ 
’ * '.f7.3,'  PSi  ') 

70  return 

END 

Subroutine  sr7 
character  TITLE»72 

COMMON  DIST(4) ,BMLL(4 ) < B^DL T < 4 ) , BmDlF ( 4 ) 7^ TBRY ( 4 ) , 

PBBWT(4) .FTSDL(4T .FBS0L(4) .FTCDlI4> .PacDL(4)i 
FScDL(4) .rScLL(4) ,fTI l( 4 J.FblL*  4) ,FTT0T(4) , 
P8TOT(4).Y(4).VLL(2)VFSTOT(4),A{5),VA{5)yEIO{5J, 

CONLH  8>  4>  .PTPI  (43  .E-T(4».E,B(4), 

F2T(4)  ,FP0(4)  .F3T(4  1,F3gMl  .xP(l7),XL(17i.VDL(2). 

D V t 2 ) . T<>  < 2 ) • SP*CP  ( 2 > • VII  ( 2 ) . YF  s ( 4 ) , B„CDl  ( 4 ) . 

L,4j.T1TLE,  IDC.STRNS'.Y  1.»E.  IPBOXI  IDLD,  IC0“P, 

IftSEc,  lOTPT.FuOAD.SPAN.SDL.rDL, AlLFR.FImP.FlL.wB, 

08,  TTS. TRS. TSH. Tmr.Dh, Delta, osECT.ASECT.SE CTl , »T. 
YB,WTS,BB.DlLOC,DlAPH,HD*’’.AS,FSUuT,RS.R7FCULT,rCI . 

BOX! ,SB,ST,Q, aCMP,CMPI , yTC . YrC . YT SC , STc , SB C , STSc , 

DTSC. lDPST,FCPC,FTENT,FTENR,rN?S,FV,AV.NSfC,«CS,TcS, 

XNCS,  AR0X,PSLS2.NETRl ,LINES,UM,UMD.STRmN, yse;a»j, 
VRLL.DFLG.FMIN.ESR 
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935n 

9560 

9370 

9380 

9390 

9400 

9410 

9420 

9430 

9440 

9450 

94*0 

9470 

9480 

9490 

9500 

9510 

95401 

9550 

95*0 

9570 

9580 

9590 

9600 

9610 

9620 

9*30 

9640 

9650 

9660 

9670 

9680 

9*90 

9700 

9710 

9720 

9730 

9740 

9750 

9760* 

9770* 

978o 

9790 

9800 

9810 

9820* 

9830* 

9840* 

9850* 

9860* 


ITMOlU  -to  >10»llVlQ 

jU  CDFL=ia0 
GO  TO  15 

11  .F(SPAn-5*. )12.13il3 
t3  CDFLa(SPA*J-55. 

00  TO  }5 

12  IF(FL0AD-54. )14,16.16 
lA  cdFL»149. 

Sq  To  i5 
1*  CDFL=162. 

l5  ET  ■ 145.»»1.5»33.»SORT(PCI»i0O0. )/lO0O. 

FF  , l45.**l ,5»33 .‘SfeRT (PCULT»1000 • >/1000 . 

PI  » AS*STRNS  •FSULT»RS*esR 
OEFM  s -PI,(Yb-YM) 

DEFpI  s DEFM»(  sp*(g«l>  . ) •42/Et/sECt  1 /8  , 

IF( IDPST-2)1,2,3 

2 DEFM  ^ PI«(Y6-YM> 

Y i SP*N/g.  - HDPT 

3EFPI  » OEFPI  ♦ <UEFM.X72.,5PaN/2..DEFM,X/2.,(SP<^N/2.  X/3.I),i44, 

/ET/SECTI 

no  TO  1 

3 OEFM  , Pt*(YE-YM) 

DEFPI  = DHFPI  ♦SPAN/-. •DEFm. SPAN*, .5/ET/SECTI 
1 IF^DlLOc)20.?0.5  ^ 

20  '/TScC  a AsECt*. 15/144. 

00  TO  « 

5 WTSEC  ■ A.SFCT».15/14<  .♦DTaPH/DIlOC/SPAN 

6 OFBWi  = 5. •WTSEC»SPAN»»4»i72B./384. /ET/SECTI 
OFSDU  a DFflWl«SDL/<(TSEC,eT/EF 
lF<lcONP"100)41,40.4i 

40  DFCDL  s DFsDL*CDL/SDt»SEeTl/OMpI 

OFLL  2 DFSDL*SECTI/tMPl4BMLL,l)/BMDl.F,l,«CDFL/l80. 

60  rEF2  . DEFPI»h/eSR  ♦ OPBWl  ♦ dFsDL  ♦oFcCL 
DEFl  a'OEFPUOFHwl 
00  TO  5I 

41  DFLL  = DFSDL»BMLL<l</aM(5LF(l  )*cDF*-''i90. 

OFCDU  sO.O 

GO  TO  *0 

51  WRlTE(A,5n )DEFi,0EF2VdFlL 

return 

50  FORMaT(/.  •dEFUEc''’ION>'./#'bE*M  weight  ♦ PReSTResS  r ' 

.F6,3.'  I^,. './. 'tqTA,  SEAO  inAD  ♦ prEstrESS  * '.F6.3.'  I^.'. 
/.’'LIVE  LOAD  ♦ impact  a i,F6.3.»  IN.',//) 

END 

Subroutine  sr4a 

character  TITLE»72 

COMMON  DIST(4).BMLU(4).BHDLT<4),BhDlF(4)»FT8HT(4), 

pgoWT  ( 4)  .pTSgLI  A > 'FbSd*-*  ’’  'fTcDL*  A > /FrcD*-  ' 

FsCD.  (4)  ,FsC,  I (4)  .Fji  I (4  J ,FB.  l(4),FtToT(4). 
FBT0T(4),v(4),.LL(2).F!>T0T(4'^TA,5),yA^5)TBI0(5). 

CONLLti) .M(4) ,FTPI(4*.FbPI(47,FiT(4),FiD<4), 

FjTl^)  .FjHCa)  .FjTIaI'.'FjBIa)  ,YP(  ^7)  .XL(  ,7>  .VDLI  j)  , 
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9870* 

9880* 

9890* 

9900* 

9910* 

9920* 

9930* 

99*0* 

99504 

99*0 

997O 

9960 

9990 

10000 

lOOlD 

10028 

10030 

10040 

10050 

iOOftO 

10070 

10080 

10090 

10100 

10110 

l°12® 

10130 

10140 

10150 

10160 

lOl’O 

I®l89 

10190 

10200 

10210 

10220 

ilSJ! 

10250 

10260 

10270 

10280 

10290 

10,00 

10318 

10320 

10330 

10340 

IO35O 

10360 

10370 

10380 


Dvt2).TG(2)»SpACP(2)'.‘vU(2).YES<4),B^CDL  (4). 

L(4)  .TITLE.  IDC.STRMS’.'y*^.  TE.  iDlD,  ICOI'P, 

IDSEC,  lOTPT.rLOAD.SPAN.RDL.rDL.ALtFR.FlMP.FLL.wB, 
DBiTTS.TBS.TSW.TMW.DH.nELTA.nSEcT.ASECT.SECTl ,Vt. 
yb.wts.bb, diloc.diapA.hdpt. as.esult.rs.Rtecult.fci . 

Poxi .SH.ST.O.aCMP.CmpI .yTc. YrC. YTsC.STC.SBC.STSc. 

QTSC. IDPST.FcPC.FTENT.PTENb.FNPSiFV, AV.NSEC.NCS, Tcs, 

XNCS, AHOX.PSLS^.NETRL .LIMES, UH.UUD.STRmN.YSE.AVj, 
VRLL.DPLG.FMIN.ESR 
ABOX  s ASFCT 
BOXI  jSECTI 
IPl  IF11dPST-2)1.2.3 

1 PIs-ABOX*iST*FTEMT*R».9o7FSR  * SB* ( FBToT ( 1 ) *7 TE nB ) ) / ( Sb *57  ) 

no  10  1=1. NSEC 

10  YES( I )sST/ABOX  ♦ (ST/Pi»R/ESR»FTERT«,90) 


9o 

95 


IF(YgS(l)*gMrN-Yg)  *0.90.95 


‘Q  Tn  96 
YtS(l)=YB-EBlN 

Pt,- ABOX •(rBTOT(l>*^TEMB>*SP/( SB* ABOX .yes (1 ) ) 

98  YM*yB-YES(j) 

YE*YM 
XS*0  . t, 

GO  To  4 

2 HPT=(9PAN/2.-HDPT) 

Nil./fDIl.OC  *2.  ) 

RDiA*nlAPH*(^./DiLOr  'i:)/2. 

BMH;N=HP7.RDrA 

DO  7 j=l.N 
XN  = J 

XDaXN*D!l.nC  aSPAN 
IP(HPT-X0)5.6.6 

5 BMsO  . 0 
GO  TO  7 

6 Rm*D . ApH* ( HpT-XD ) 

7 BUMIliuBMHIN-BM 

8MMINrBMMIN*AHnx*,l5»BpT«<SPAN-HpT )/288. 

FTmin  * R-ESR»(BMHIN/ST4.9.  fTent) 

Pi*  -*BOX.{ (FBT0T(lk*FTENB)»SB  ♦ FTM  I n*sT  ) / ( SB*ST ) 
ecc=‘p''’'^i'^‘Er'^o^  ( 1)  trEpfip)  •st*Sb/<Sh*sT)/pi 
TE(ECC*EM1N-yH)70.70.75 
70  GO  TO  80 
75  ECC  YB  -Emin 

P1«-AB0X»(FBTOT(i),7tEn8)»SB/<SB,AB0X*ECC ) 

80  YM«YB-ECC 

Ygl  s Yg  - ST/^„OX 

Yt2  a yB  - • ‘**^^OLT-sB»pl  )7(*Bf,X»pl  ) 

lF,YEl-YE2)2Q0.?01,>nl 
200  YE*  YF2  ♦ 1. 

GO  TO  203 
?0l  YE  “Ygl  * 1. 

203  XS  =.6 

no  11  1*’ .nsec 
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10390 

10406 

10430 

10440 

10450 

10460 

10476 

10466 

10490 

10500 

10510 

10528 

10530 

IO54O 

10550 

10560 

10570 

10586 

10590 

10606 

10616 

10420 

10630 
10640 
10650 
10660 
10470 
10680 
10690 
10708 
iOTlfl 
1 O72O 
10736 
10740 
10758 
10760 
10770 
10796 
10798 
10006 
10610 
10026 


10056 

10060 

10076 

10000 

10090 

10900 


)(*DIST(1  )•  SPAN  - HPT 
ir(X)0,9.9 

B YESt 1 )»ECC-(YM-yE)#K/HpT 

qo  To  11 

9 YeS(i)*£CC 

1 1 CON  j I N(j E 
GO  TO  4 

3 PI,-ABOX»(  (FBTOT(l),FTENB).c;a»(F’TENT«rTBV.T(i)  |,R*ST> 

PI  * PI/{ST  ♦ SB) 

XS«.55 

ECCa( <FtRwT(1 >*FTEf^T)«RAF8ToT( 1)-P  TEnB ) 'SB^ST/ ( sB*ST ) /P 1 
lF(ECC*EMIN-yB)l8iH.19 

18  GO  TO  22 

19  ECC5YB-EMIN 

PIs-ABOX.(FBTOT<i),FTEN5)*Sp/1se**BOX.ECC) 

22  YM»YB-ECC 

YfI  = Yn  - ST/^pOX 

yE2  X yB  - (sB*A0gX». 4*PCuLT-S0*pl >/«*BoX«pl ) 
IP(YE1-YE?)3QU,301,S01 

300  yE  X yE2  ♦ 1, 

GO  T0_303 

301  YE,  yEI  ♦ 1. 

303  DO  12  I X i.NSEC 

XS( ,5-DIST( I ) )/.g 

12  YgSt  I )«Y(.-Ym-(Ye-YM?*X*X 

4 sTrMN  *pl /4s^^SuLT/|»S^R 
DO  13  Ixl .NSEC 

IF  UDPST-2)  I6.l6,l5 

15  F*P!/R/a80X 
XxPi/R*YeS(  I ) 

GO  TO  17 

16  F-PIxESR  /R/A0O){ 

X*P1*ESR  /R*YES( 1 ) 

17  FTPI( I )xF-X/ST 
FBPI ( I )»F*X/Sb 
F1T(j)sFtpi(j)*FTUHT(I) 

F1B( ! ISFBPI ( I )*FBBuT(  I ) 

F2T( I ),PI/AB0X-PI«¥FS( I1/ST*FT0MT( I l^FTSTLCl  ) 

F2B( I )»PI/ABOXYPI«yps( I 1/SB*FBbI4T< I )*FBSrL<l ) 

IFdcOMP  -100)  41.40,61 

*1  fTcdu< I)=0.0 

FBCD.  ( I )xu.  0 

60  F3T(T)  X F2T(I)  ♦FTCOUjf)  ♦FTLUfl) 

F3B(I)  , F2B(I)  ♦FBbOl-d)  ♦FBLU<I) 

KLs, 

IF(Fl0( I)-XS,FcI>20720,601 

20  KLx2 

IP  (P3T,  ! )-.4»FCULT ,99.99,605 
99  KLiS 

IF(F3B(!)*FTEN8)4U^;i3,t3 

13  CONTiNUp 

YsExyPs'^  > 
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10910 


lo’ao 

10930 

t094« 

10950 

10960 

10970 


to’se 

1099fl 

11000 

11010 


11020 

110306 

11040 


.,050 

11060 

11070 

11050 

11090 

11108 

llilO 


11120 

11130 


11146 

111504 

11166 

11170 

Uilo 

11200 

11210 

11226 

11236 

11240 

11250 

11266 

112^0 

11290 

11296 

11308 

11310 

11328 

11330 

USso 

11360 

11370 

ll38fl 

11390 

11400 

11416 

11420 


Ift lOTPT, 170,160.168 
1 7 0 RETURN 

601  WRITE(6. 701)1. FlBdt.XS 
GO  TO  65O 

634  WRITE(6.7n4) I .F3B« I > 

GO  tO  65" 

605  HRITE(6. 705, I .F3T(  I , 

GO  TO  65(1 

65o  go  TO  (2n.99.i3) ,KL 
160  WflITE(6.50)ST»MN,YH';YE 
WR!Te(6.500) 


500  roRH*T< :stressEs  Due  Tq  extfrnAi  10*35  anO  prBstrEss  - xips’ 

'PER  90.  IN, ' ) 

24  wR1TE(6.251) ( I . t.l.NSECt 

WRITE(6.?52><0IST{ I > . Iij.NSfC) 

WRITE(6.253)(rTPI(li. Uf.NSpc) 

WRlTE(6.?57){F0pI (I >, Uf .mSPC) 

WR1TE(6,254,,F1T(  I )’;i=i;NSEr) 

WftltE(6,258)  (FiBt  1 )'.’l=l»NSEC) 

WRITE(*,255> (F2TI I )”1*17NSEC) 

HRITe(6.?59)  (f29<  I I =1*NS£(. ) 

WRItE<6.256)  <F3T(  I )71*1.’mSE(:) 

WRITE(6,260)<F38(I )7I=1TNSEC) 

So  FORMAT! 'MINIMUM  STRANOS  = 'IF/. 3.'  YM  = ''.P7.3.'  IN,  ' 

' YE  s •,F7.3.'  IN.  ',///) 

250  FORMAt(//,'’CASE«''i  II./ 

4»lJ0.  OF  STRANOS  , » . F4  .’0  . lOX"  YM,.. , F7 . 3, 10X;„  Ye,„  , F7 , 3 « ///// ) 

p5i  FORmaTCNSEC  7*,  1.  f3(9x,  I,  ) ) 

?52  FORM^TCdIST  -''.t4*,F5,.3."L".3(4X,FS.3."L"J) 

253  ForMAtCInItIAU  phE$TRESs"'/ 

4 " T0P-''9xtF7.3.3,3x.F7.3), 

257  FORMATC  BOTTOM* f 6X  , F7  . J,  3 ( 3X . F7 , 3 > ) 

254  FORMATCBEAM  WT 

4 "INiTjAl  PRpSTRpSS"./ 

4 " t0P-"B,(»F7,3.3(3x«F7,3)  ) 

258  F0RmaT(h  B0TT0M„y6X,F7.3i3(3X,F7.3)  , 

p55  FORMATCBEAM  WT  * SDL  *»./ 

4 "FINAL  PRESTReSS*,/ 

4 " TQpl"8xfF7.3.3(3x.F^.3)) 

259  FqrMAtI"  BoTTo'^"T6X.F7.3»3(3X.F7.3)  ) 

256  FOBmaT(»ALL  loads  *",/ 

4 ..final  phebtreSs*,/ 

4 « T0P;..8x7F7,3.3(3X.F7.3>) 

-qO  FORMATC"  B0TtOM..»9X,F7.3i3<3X,r7. 3)  .>'//) 

7J1  FORMAT!/,  "•**'*»0V£RSTRe9S***»«"i  / 


4 "jECylON  NjMBEr"T11./ 

4 ..REAM  WT  ♦ IM'IAL  PRESTRESS  ( .. , F 7 . 3 , » , , gOT  T OM  " , / 

I "EXCEEDS  ".Fi(.2,»FCI'',^) 

7 04  FORMAT!/, "•«»*»0 VERS TReSS#»*»»",/ 

4 "SfCTlON  NUmBe'^"*'!^''' 

4 "ALL  LOADe  ♦ FInAL  PREst^Ess ! " « ^ ? • ^ • * ) BOtt®^" • / 

4 ..EXCEEDS  FTeI«T..,/) 
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11<30 

11450 

11460 

11476 

11480 

11490 

11500 

ll5ie 

sgoa 

115304 

115404 

115984 

115604 

115904 

116004 

116104 

Il6?e4 

11*304 

116404 

116504 

11660 

11670 

11680 

11690 

11700 

11710 

11720 

11736 

11740 

11750 

11760 

11770 

11780 

11790 

IIBOO 

ilSlO 

11826 

11830 

11840 

11850 

11860 

11876 

11880 

Will 

11910 

11920 

11930 

11940 


705  FORMAT! /,"»«» ••OVERS TRE SS« *»••"»  / 

4 "SECTION  NUMBER";I1,/ 

* "all  LOadS  ♦ FINaL  PRES7f*ESSl''.r7.3,*)ToP"./ 

4 "EXCEEDS  0.4  FCy.  y",/) 

return 

END 

subroutine  SR5A(UMR.UMP) 
character  TITlE«72 

common  D1ST(4),RMLL!4> ,RMDLT«4) ,RM3UF(4I ,FTBWT(4). 
FBBWT(4) ,FTS0L(4) ,F!SSDl14 ) ,FTCDL(4 ) |FhCDL(4» , 
FSCDL(4),FSCLU(4)iFTLL(4).FpLL(4),rTTOT(4), 
F8ToT(4),Y(4),V|.L(2i.FST0T<4).A(5),TA(5),Bi0(5), 
C0NLL<8) ,M(4) ,FyPI (4)iFBPl(4>.Fly(4>.FlB(4), 

F2T(4,,FpB(4,,FiT(4i ,F39(4,;XP(17).XL(17,,VDL(2). 
DV(2) ,TG(2).SPACE(2i,Vuf2».TES(4).aMCDL(4)* 

Ll-i)  .title,  IDC.STRNS.'i'mtyE.IDBOX  , IDLO,  IcCMPj 

IdSec*  IOTPT.flO^o-J'PaNTSdL.CDUiaI-LFR.FIPP.FLL  .Wg, 
db.tts'TBs'Tsh* tmH> dh. de  t*; dsECt-asectts^cti.yt. 

vB.WTS.BB.DILOC.DIAPH.HDPT, aS.FSuLT.RS.R.FCULT.FCI, 
80X1  ,S8,ST,0,aCMP,CMPI  , tTC  , yBC  , TTSC  . STCySBC',  STsC  , 
QTSC. IDPST,FCPC.FTENT.FTENB,FNPS,Fv,AV,NSEC>WCs,TCS, 
XNCS, AB0X,PSLS2,NETfeL>LlNeS;UM,UMD,STRMN, YSE.AVJ, 
VRLL.DFLG.EMIN.ESR 

)?.1.2 


)?0.3'.’20 

(6.50> 


IF ISP^N-lOO . )6, 4, 4 

4 uMD=1.6 
GO  TO  5 

6 UMD-2.-0 . 004^SPAN 

5 UMR=UMD«(HMDLT(i )*BMDLF»1»)+UMl«9MLL(i) 
IF ( ICnMP-1 00)300,301 ,30a 

301  UMR=UMR*UMD*BHCDL(li 
3OO  IF( IOTpT'302,303,309 
3O3  WRITE(6,150)UMR 

302  ISTRN  s STRMN 

1F(STHMN  -ISTRNllOO.’lOl.'lOO 
lOl  STRnS  s STRmN 
Go  TO  28 

lOo  STRNS  = ISTRN  ♦ 1 
28  IFIICOMP  -100)40, 60V6O 
40  Ds  DSECT  ♦DELTA/g.-TB  ♦ySE 

aST  5 ^S,  STRNS 

p = ast/hts/d 

Pqu  * ^SU*I*11’  ■ • 5»P*FqnLT/FCyLj ) 

Ort-G  •l!n6^P.FSU/FtULT^ 

TTS  : TTS  ♦ D6lTA/>, 


IF( IDLB 

1 uMD=..5 
UML*2.5 
Sp  To  5 

2 IF(IDLD 
20  hRITE 

STOP 

3 UML*2.3 


-10 


-20 


i 

\ 
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11*50 

11960 

"I 

1 ig^e 
11980 

I3 

11998 

44 

12000 

12010 

12020 

45 

12030 

12040 

u 

12050 

12 

12060 

13 

12070 

12080 

15 

1 2090 

16 

12100 

32 

12110 

1212C 

33 

1213* 

12140 

1^2 

12150 

14 

12160 

12170 

17 

12180 

18 

i2,9D« 

i25oe 

19 

12210 

12220 

12230 

26 

12240 

27 

12256 

12260 

227 

12270 

2O1 

12280 

202 

12290 

123008 

i55 

1 23ifl 

30 

12320 

50 

\ml 

)i; 

123608 

12376 

12386 

49 

12390 

12400 

pOo 

60 

1 2416 
12420 
12430 

12440 

1245O 

12466 

62 

12470 

63 

If  ( I DSEC  -7  ) 42<  4i.»  4 J 
TTS  I DfLG 

IflDfuG  - TTS)11  ,11';43 
If* Id^EC'  8)45,45.44 
B8  =2.«T5W  ♦T^W 

ASf  s .85  • fCULT  •|WTs-B8)»TTS/rSU 
ASR  = AST  - ASf 

PCR  = ASR  * FSU  /BB  / D / frULT 
GO  TO  i? 

PrR  = Po  fSU  /fc^LT 
1“  (pCp|-. 1)14,14,13 
IF,DFLG-.TTS)16,16.1? 

UMP  . 0.25»BB«DoD»FeUUT  ♦ 0 . 85«f COL T« ( WTS  <*  80 ) “TTS* ( D- 0 . 5»TTs ) 

GO  TO  32 

UHP  = .25  .WTS.D.O.rc^^LT 
UmP  = UmP/12. 

IfCUMP  -UMR)  33,27,&7 
WRITE<6, 152) 

FORMAT!//. 'P»FSll/fCt-LT  MORE  THAN  .jO,  UMP  INADEQUATE  ',//) 

GO  TO  30 

IF<DFLG  -TTS)17.i7,58 

UMp  s AsT  ‘rsu  • D • ( 1 . - . 6*p«f sU/^CULt ) 

GO  TO  19 

UMP  . ASR  sPSU*!)  •(},-. 6»ASP*fSU/88/D/FCLLT)  *.85»fCUuT« 
(klTs"BB)»TTS»(D-.5«f  TS) 

UMP  s UMP/12. 

If  (UmP  -UmR)^6.27,>7 
strns  s strns*  1, 


GO  TO  Ao 

If ( IOTPT)?00.227,22J 
WRITE(6.i 51 )f CULT, STRNS. *UMP 
GO  TO  30 

IF* IOTPT)?00.202.20> 

WrItE(6. 155)FCpC,sTrnS.UmP 

FORMAT, .FOR  FCPC  m i.P5.‘3,.  PSI  AND  . 
/.'ULTIMATE  MOMENT  PROVIDED  , 'iF8,0,' 
CONTINUE 

formaT(/.i4h  mrong  Ll  code,/) 
FORMAT!//, 'ULTIMATE  mOmENT  REQUIRED  ■ 
FORm^TI'poR  fc*^lT  * '.pS.S,'  PSI  ,,Nd 
/^'U.TImAtE  mOm'^nT  provided  s ',F8.0,' 
WRITE  (6,A9J 

format  (IHI) 

RETURN 


D » dSEc^ 

AST  s AS  • STRmS 
P = Act/WCc/D 

FSU  . FSULT»(l.-.5»p.FsULT/rCPC) 
OFLGs  i,4«0»P»FSU/rtPC 
If (DFLG-TCS)4l,ftl,6? 


C'5)64.63.64 

■tCS"TTS>81'^1’68 


.F3.0;  ' 
FT. KIPS 


'rfa.o,' 
' »f3.o, * 
FT.KIps 


STRANDS 
' ) 


fT.KIPS 
STR,,NdS 
' ) 


' . 


' » 
' . 
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12«80 
i24<}e 
1 2508 
l25l0 

12546 

12550 

12540 

12576 

12500 

i259«< 

12606 

l26i0 

12620 

12636 


12648 
1 2656 

126604 

12676 

12680 

I2fc(}0 

12700 

il7J8 

12730 

12740 

127504 

1276® 

12770 
12700 
12790 
12606 
1 2 a 1 0 
12020 
12830 
12840 
12850 

ii870cc 


12680 


1289C 

12900 

i2916 

12920 

12930 

12940 

12950 

12960 


66  ASF  s.05oFCPC<>(nCS-b3)«fTCS*TTs)/FSU 
ASR  r AS’’  - ASF 
PCR  = ASM»FSU/BH/ll/rCf’C 
1F(PCH  -.3)67,67,69 

6 7 UMP  lASR^rSUnDo  ( 6»ASr<.FsU/B0/D/F  CpC  I ♦ . 85»F  CPC»  ( WCS-BB  ) • 
(TcS*TTS).(d  . n.5,( TCSATTS5  ) 

UmP  ® IJmP712. 

If"  (UmP  -UmR>68.201i?01 

60  STRnSs  STRNS*1 
GO  TO  60 

69  UMP  . 0.P5«B8*D»D*FCPC  * . 65*FCpC» ( WCS-QB ) * ( TTs^TCS ) 
•tD-.5*(TCStTTS) ) 

UMP  s UMP/i2, 
lF(|jf^p-UfiR)33,2ol»2Cll 

64  IFiDFuG  -TCS-rTS)6l';61,01 

61  IFhOTPT)80i  400  >6QO 
4OO  WRITE(6.,60) 

160  f-0RM^T(/.  'QfPTH  Op  f-OMp  pl-Oj-K  MORg  Tj-S*  TtS,  UMP  ', 

80  AsP?'’o!!^5»FCPC*(«JCS-WTS  )»TCS/FSU 
ASR  s AST  - ASF 
PCR  = ASR*FSU/WTS/D/FCpC 
IF(PCR  30)85, 85i87 

87  UMP  s .2i5»WTS*Di>D«FtPC  4.856FCpC«(WCS-WTS)«TCS«(D»..5»TCS) 

UMP  s UMP/12.  “ 

IF'(UmP-UmR>33, 201*201 

65  UMP  s ASR  *FSU.D»(l'.-t).6«ASR*FSU/WTS/D/FCPC)  *0 . 85»FCPC»  ( MCS-y  Ts  ) 
TCS*(IJ-0. 5»TC.S) 

UMP  s UMP/lg. 

IF(UMP-UMR)68,2ni.201 
61  pCfi  s p«Fsu/FCpC 
IF(PCH-0.3)70.7o,75 

70  UMP  . AST*  FSU  » D • (1,'  - .6  *P  •FSy/FcPC) 

UMP  = UMP/I2. 

IPIUMP  -UMR)68,?0l.2al 
75  uMp  s 0.25  •wCe  *12t*  D • D • FCpC 
UMP  s UMP/12. 

IF(UMP-UMR)33. 201*201 
END 

nCcCCCgCCC^CCrCCCC^OCCCtCCcGCCCrCCCCCCCCCCCCCCCCCCcCCCCCCCCCCCCCCcC 

character  FILN«0,FILm4m»io*FILNAmE«26 
character  sto»i 

COMMON  L.LC 

data  lOK  / 04000QQOi OOQO  / 
data  INAFT  / O4o37oooaoc(0u  / 

5 print,.,  .. 

print, „is  data  to  sf  Input  from™ 
print, „EXISTING  FILF(7  or  N) 

READ(5,9997)  STO 
IF(STO.Ea."Y")  GO  TO  jO 
IF(STo.eG-''N")  go  Tr  36 
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13000 

1391C 

l30?0 

13039 

20 

13040 

l30Se 

130,0 

13070 

2l 

13080 

iSOgO 

13100 

13110 

13120 

27 

13130 

I3I4O 

13150 

13160 

28 

13178 

13100 

36 

13190 

13200 

i 3210 

^7 

13220 

13230 

13240 

13250 

13260 

13276 

13280 

13290 

13300 

l33l0 

13320 

38 

13330 

13340 

1335® 

13360 

13370 

13380 

13390 

l3«06 

4l 

13430 

13440 

4OO 

13450 

13460 

1^488 

13498 

13500 

13510 


PRIMT,"  •• 

PR  INT , »..»**C0RHECT  RtSPONCF  IS  V FOR  VgS  OR  N FQ*  NO  ■ 
GO  TO  5 
PRINT,,.  „ 

print,  ..note#  to  RETt'RI  Tq  PREVIOUS  QUESTION  ENTER  THE.. 
PRINT."  letter  R aS  a question  ReSPCNCE." 

PRINT,”  •> 

pRlNT."fNTgR  name  Of  Input  file" 

PRINT, "(HAX,  a CHAR*)  -<• 

REAn(5,9,)g5)FILN 

IF(FILN.fO.”R  ")  qO  To  5 

EMCoDe(Fl^MA„,9996)FI^M 

CALL  4TTACH(02,FILNAM.3TO. IRTAT) 

IF(  ISTAT.FO. INAFT)  60  TO  20 
IfC  ISTAT.NE. lOK)  00  TO  5O2 
Return 

call  ofTachi 02, , ) 

GO  |0  27 
PRINT*”  •» 

print, mNOTE#  to  RETfcRN  TO  PPEVlOjS  QUESTION  6>1TER  THE« 
PRINT,"  LETTER  R aS  A OUESTiOn  RfSPCNCE,* 

PRINT,"  " 

print, "IS  qATA  FNTgREo  at  TERMINAL  TQ  Hg" 

PglNT.”s»vED  IN  PE^HENaNj  File  ly  Or  Nil" 

LCcl 

READ(5i9997)  STO 
in  STO.EQ  . "Y.. ) GO  To  38 
IF(STO,E0."N")  GO  Tc  4. 

IF(STO.EQ."R")  GO  To  ’i 

print  ••CORRECT  RESPONCF  IS  Y FOR  YfS.N  FOR  Nn*^*^« 

PRINT,"  " 
qQ  To  36 


Retry, 


:(FILN4HE.9994)fILN 

* ' " 1 L N * M E • S 5 0 1 ) 


")  GO  Tn  ^4 


READ(5,9995)F ILN 
IF(FILN.F0,"R 



ENCODE(FlLNAM.^996)FlLN 
CALL  ATTACH!  0^;,  FI  LNAM,  3/0.  ISTATi  , 
IF ( ISTAT .NE . lOK ) GO  TO 
GO  TO  400 

CAtL  c^EaTEI 02>320,8, IST^T) 

. Cs3 

call  FlLDAyA 

rewind  ? 

IFILC.EQ.?)  RETURN 
IF (LC.EO.  ,)  GO  TO  37 
IF(L.EO.l')  GO  TO  415 
Go  TO  ’”9 

415  ENC0DE-(FlLNAHE.9998iFlL'I 

CALL  ACCESS(FlLNAME'.i;SgA, 
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\35?0  IF(5T0.E0."Y'’)  GO  TO  38 

13530  GO  TO  37 

13540  5O6  pRjnT  SO^.f-iLN 

13550  5O7  roR,^AT("«»»«*UNA8LE  TO  "/Ai) 

13560  IE(STn.6'3,"Y")  GO  TO  38 

13570  GO  TO  36 

13580  500  PRINT ,h»»««*UNABLE  TO  CRFaTp  FILE  - RETfiT.»».»„ 

l359fl  GO  TO  38 

13600  501  print, M*.. ••unable  TO  ACCESS  NE«LT  CREATED  FUE  - RETRY 

13610  GO  TO  38 

13620  502  PRINT  503,FILN 

13630  503  F0RmaT(„». •••unable  to  access  FIlE  NAmED  ..iA3) 

4364®  PRINT  5O4 

13650  504  fORm^TI"  cREC'<  Ca'''a'-°G'^E  O'*  DECIDE 

13660  print  505,ISTaT 

13670  505  FORMAT!,,  FOLLOWING  OCTAL  ERRQR  NESSaGE , • , 3X . Ol 6 ) 

l3680  GO  TO  2l 

13690  999a  FORMAT!  „CF,/,.  . A8.m,B/1,  IOO/,R>  ■!♦«  > 

13700  9995  F0RmAT!A8) 

13710  99R6  FORMAT!"/", ;^8.":") 

13720  9997  FoRhAT(*1) 

13730  9993  F0RmaT("RF,/",A8,"#") 

13740  9999  RETURN 
13750  END 

13760 
13770C 

i3786ccccccccccccccccccccccccc6ccc9cccpcccEcccccccfccccccGccccccccccccccccc 

Su8R0jtINE  FILDAt* 
character  X^i5,V01^66»Y4l.Z^2tW»3 

DIMFN-ION  v39!4),v86!4) 

COMMON  L.LC 
PRINT  900 

^•OPTIONAL  RESPONtES  Tq  FOLLOUING  QUeST I 0NS»»»«»" 


13790 

13800 

l38toC 

13820 

13830 

13840 

13850 

13860 

llul 

13890 

139O0 

l39io 

13920 

900 

1393® 

’Si 

13940 

902 

13990 

9O3 

13960 

911 

13970 

93l 

l3’88 

932 

13990 

934 

14000 

936 

KOlO 

938 

16020 

9<0 

iiOs® 

042 

PRINT, „•• 
PRINT,"  " 
PRINT 

PRjnt‘958 

PRtNT*" 

print."  " 
print  900 


•ENTpR  letter  H for  Help  in  answering  question^" 
• Enter  ^''tter  r tq  return  to  previous  quEstjon*" 


F0RmaT!Aj^,65X> 
FORMaTI^I ,14X) 
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14040 
14090 
14060 
14070 
l40’>0 
140,0 
14108 
14110 
l4l?0 
i4l30 
l4l4e 
1^1  = 0 
14160 
14170 
14180 
l4l9o 


14230 

14240 

14250 

14260 

14270 

14280 

14290 

14300 

i43l0 

14320 

14330 

14340 

14350 

14360 

I437O 

14380 

14390 

14400 

14410 


1442® 
14430 
14440 
1 4450 


14460 

144,0 

14430 

14490 

14500 

l45to 


14578 

14530 

14540 

14550 


944  F0RM4T(A15) 

946  FoRmAT<V) 

q5l  format  (•.»«a»*N0TE#PR£CA5T  SfCTIOn  JS  THE  NONCOmPOSITE  SECTION..) 


952  FORMAT(„»*»»»NOTE«PREf'A5T  SfCTIOn  JS  THE  BEA*^  PORTION  CF  Am 


4 /' 

908  T-ORMaT{" 

4 '. 

961  forma, (" 

*5  H 

& / • •• 

5 


COMPOSITE  BEaM-BlAR  SFCTIONO) 

-NOTEtllF  SO  HfLP  BIVEN, check  OPERATING",/ 

[NSTRO^t  jnix,  mAM/Al.".//) 

-Nn,E#FoT  ^fCtioNo  Other  ,han  t:<0,f  asOvEimcc"./ 
number  of  the  composite  OB  NONCOmPOSUE.. 
seotioi.  which  most  clcsely  resemhles  The,, 
StC-'TIPtj  under  design,".//) 


L = 0 


5 print."  " 

PRInT."TITi  E" 

PRINT. "FNTER  TITUE(MA)<.  66  CHAR.)  -" 

ReAD(5.95i)  Voi 

DECODEfV.,  .9(,i  )T 

if(y,fo.pr")  go  to  ,0 

ifiy.eO."h")  go  to  20 

Go  to  30 

10  IF(LC.EQ.P)  go  to  12 


L = 1 

return 
12  lC=3 

return 

2o  PRINT."  " 

PRINT. «»»«*»TITLE  is  The  HEaOER  for  program  OUTPUT,.. 
PRINT, M IT  CAH  include  RUCH  INFORMATION  AS, 

PRINT,..  PROJECT  name, DATE. data  BY, CHECKED  rY.ETC. 

GO  TO  5 
3o  PR  1 NT  . ..  .. 

PRINT. "iniD" 

PRINT. nENTER  LIVE  UOlO  CODETIO  FqR  HWYJPO  FOR  RR)  - „ 
READ ( 5 , 934  ) Z 
1F(Z.fO."R  ")  GO  To  P 
IE  (Z.Eq."H  ")  Go  To  4;' 

DEC0DE(,,938) IV02 

IE( IVj2.FU.lo)  GO  TO  5o 

IE  ( 1 VO2  .E'^  .29>  GO  TO  SO 
4o  print."  " 

PRINT  911 

PRINT,"  10  FOR  HI'.HNAy  LOA.O  I NG" 

PRINT,"  2U  FOR  railroad  lOaDING" 

GO  TO  30 
50  PRinT,"  " 

prI.T.'MDsEC" 

print, "ENTER  SECTION  lIjMPLR  (1-10)  - " 

REAI)(8.934)  Z 
IFt7.E0."H  ")  GO  TO  aR 
IF(7,hO."R  ")  GO  TO  30 
DECoDP(Z.946)  lv03 
IE (ivo3)6ni6n.55 
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l<56o  '55  IfC  IVo3-in)7o*  7o**0 

l«57o  15(5  PRINT."  " 

lass#  print  911 

?4590  print,"  •• 

1 4600  prImT."  (sTAi^nApD  Sections  ^^ith  a CovrosIte  dpcki" 
14610  PRINT,"  " 

14626  print,"  1 roR  S»>Rfc'AB  BOX" 

14jT0  print,"  2 FOR  BOX" 

14640  PRINT."  3 for  AASHO^PCi  TYPcS  I-IV" 

14658  PRiN-r,"  4 FOR  AAcHOJPCI  tTPcc  v*VI" 

14660  print, B 5 FOR  TFE" 

14670  PRINT. B 

146»0  PRINT, B B 

14698  PRINT, B (NONCOmPoSiTE-STANDARD  SEcTICNSJb 

U70B  PRINT,"  " 

Tie  print,"  6 for  cMa'^NCL" 

14720  PRInT."  7 For  Si  A*5" 

14730  print."  8 FOR  VOUEB  SLAB" 

14748  PRINT,"  " 

147«0  print,"  " 

14760  PRjnT,"  (NONCOMtoSjTc  BoX 

14770  print,"  " 

14780  PRINT, B 9 SINGLE  UO*- 

l479o  print."  10  double  BOX" 

i4g09  print,"  " 

14810  print  961 

14026  GO  TO  So 

14830  7o  print,"  •• 

14040  PRINT. bIOTPTb 

14850  PRINT, hFNTER  0UTPUTlTTp5)  COOECi  FOR  MIMq  FOR  TOT)  - b 

14866  READ(8,9i4)  Z 

14878  DECOdE<?’’32)T 

14880  IF(Z.Eo."R  ")  Go  Tn  50 

14890  IF  (^,  PO.  "-1B  ) GO  TO  8<5 

I49n8  IF(Y.EO.bob)  go  to  68 

149i0  print,"  ’’ 

14928  print  911 

14938  pR.fgT."  -1  FqR  p.NtNUm  oUTpUT" 

14940  PRINT."  0 (jEMO)  F|Jr  TOTAL  OuTPUTb 

14950  GO  TO  7o 

14960  86  DEC0DE(Z,938) IVn4 

.4976  GO  TO  90 

J4980  88  dEcOdEIZ'R^O)  IV04 

14990  Gq  tq  90 

15000  '’0  PRINT."  " 

15010  print, „nPST„ 

15020  print. "ENTER  geometry  OF  PRpSTrEsS I NG" 

15030  PRInT-"SThAn°S  a. 2 qB  3> 

15040  REA0(5.932)y 

15050  IFIY.EO.bRb)  go  to  70 

jSOoo  if(v.eo."h")  go  to  jon 

15070  DECODE<T.940) [V05 
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15080 
l5090 
iSlOe 
1 5110 
l5l?0 
15130 
15146 
i5l5e 
15166 
15170 
i5i3q 

i5i90 

isJoc 

15210 

15220 

15230 

15240 

15258 

15266 

15280 

15296 

15300 

15310 

15326 

15336 

15346 

15350 

15360 

15370 

15380 

15390 

15400 

15410 

15420 

1543® 

15448 

15456 

15460 

15470 

l5480 

15490 

15508 

15516 

15520 

15530 

15546 

15550 

15560 

(5570 

l558« 

15596 


IF,IV05)  100,100,95 
95  IF(  Ivo5-3)HO,110i100 

,oo  print,"  •• 

print  9ll 

PRjnT."  1 For  STRA.OHT  pARAuiEl  strands" 

print,"  2 FOR  DFPRF5SFD  STRAnUS" 

PRINT. „ 3 FOR  Parabolic  posttensionec  strands, 

GO  TO  9o 
no  print,,  , 

PRINT, ,FunAD» 

PRINT. „ENTER  live  LOA'l  CODE  (KlPS)  - „ 

READ<g,944>  X 

IF(X.E0,"R  ••)  no  TO  90 

IF(X.Eo."H  ")  Gq  to  120 

DECODE(X,946)V06 
GO  TO  i3o 
l2o  PRINT,,  , 

print, „.».»*STANDARr,  LOADS  aRE  AS  FOllOwS^, 
print,"  " 

PRINT,"  (HIQHWAV  LOADING)" 

print."  20  pOR  k,l0-44” 

PR(^JT,"  3U  FqR  Wl5. 44- 

print,"  40  FOR  W211-44" 

print,,,  54  for  HS15-'44, 

print,,  72  for  wS2o-‘A4, 

PRINT,,  90  FOR  |!iS25-*44, 

print.,  , 

PfilNT,,  (RAILROAD  LEADINGS)" 

PRINT,"  ftO  FOR  COPPPR  S E-ftO  LOADING" 

PRINT,"  72  for  rOPpER  S £-72  LOaDING" 

pRl(^T«"  80  FqR  CqPpEr  S E-80  LgADtf^G" 

GO  TO  lin 

i3o  print."  •' 
print, -span- 

print, -ENTER  SPAN  length  (FT)  - n 
READ(g,944)  ^ 

IF(X,gO.-R  ")  gO  to  no 

IF(x.Eo.-H  ")  Go  TO  140 

1F(X.E0."  H")  go  to  140 

DECODF(X,946)Vo7 
IF  < I V03  .LF .5  ) GO  TO  i60 
GO  TO  150 
l40  PRinT."  " 

prInT,"»»»»»sp*n  's  nisT*k|CE  Fwo,  ce^jtS 

PfilNT."  TO  CENTER  OP  BEaRInGS  IN  FEET." 

GO  TO  130 
l5o  print.,  h 
print., SOI  „ 

print,, ENTER  external  DEAD  LOADS  (KIPS/FT)  4 , 
READ(5,944>  X 

1F(X.EQ,"R  ")  GO  TO  ijO 

IF(X.cO."h  ")  no  TO  156 


•STANDARC  loads  are  as  FOLLOgSp, 

(HIQHWAV  loading)" 

20  pOR  k,l0-44- 
3U  FqH  wi5.44" 

40  FOR  H211-44" 

54  for  HS15-'44, 

72  for  hS2o-“»4, 

90  FOR  |!iS25-*44» 

(RAILROAD  LOADINGS), 

ftO  FOR  COPpER  S E-ftO  LOADING" 

72  for  rOPpER  s £-72  LOaDINg" 

80  FqR  CqPpEr  s E-80  LgADIf^G" 


‘Sp*n  's  nisT*k|CE  Fhqu  ce^jtSr" 

TO  CENTER  OP  BEaRInGS  IN  FEET." 


IF(X.f:0."H 


')  GO  TO 
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15600 

1561C 

15626 

1S5 

15630 

15640 

15650 

15660 

160 

15670 

l56flC 

i569q 

i570t 

15710 

15720 

15730 

15740 

165 

15750 

15760 

i577c 

15780 

15790 

l70 

15808 

15810 

15826 

15836 

15840 

15856 

15860 

15870 

15880 

180 

15890 

i59oe 

I59IO 

15920 

I’O 

15930 

15946 

15950 

15960 

15978 

15980 

15990 

16000 

16010 

16020 

i603C 

l’5 

16646 

1605C 

230 

16060 

16076 

160SC 

16096 

?1Q 

1610C 

16116 

n£CoDe<!<,<}46)  V08 
GO  TO  I9n 
P R I N T » M ti 

print, Ib  the  OPaD  LOaD  APPLIED  TO  A nONCOMPOSITE- 
print,.,  SECTIONVEXcLUSIvE  of  SPAM  WflGHT.M 
GO  TO  15t 
P R I N T « I.  I. 
print  tttSOl  M 

PRINT. ..ENTER  EXTERNAL  DEAD  lO  AO(  K IPS/ET  } - .. 

R£An(5,944)  X 


IEIX.EO.-'R  ")  go  to  13O 

IF(X.eC."H  *')  GO  TO  165 

DECoDE(X,946)  VO0 
GO  TO  17(1 
PRINT, H .. 

PRINT, SDL  IS  the  OEaD  LOaO  APPLIED  TO  the  PRECaST™ 
print, « SECTION  oE  COMPOSITE  SECT  I ON  . EXCLOS I VF  OF,, 
PRINT,"  WEIGHT  OF  PRECAST  SECTION" 


GO  TO  16n 
pRtNT."  " 

PR1nT."CO,  " 

PRINT. "ENTER  E),TEHNaL  DEaD  l OAD" 
print, ..FOR  COMPOSITE  SgOTlON  (K/FT)  - .. 

READ(5,944>  X 

IF(X.eO."R  ")  gO  TO  160 

IE (X.Eo."H  ")  Go  TO  180 

DEC0DEt-.946iW08A 
GO  TO  l9o 
PR  I NT  , w .. 

PRINT. n»»»»»CPL  IS  the  EXTERNAL  DEaD  lOaC  APPLIED  TO  COMPOSITE" 
PRINT,"  sectionVeXclusive  of  precaSt  section  weight  and  SdL" 

GO  TO  170 
print."  " 

PRInT.’’A|  I Fr" 

PRINT, "ENTER  fraction  OP  TRliCK  OR  TRACK  " 

PRINT. „LOaD  to  be  APPLIED  Tn  SECTION  * „ 

READ<5,944»  X 

IF(X.E0."R  ")  GO  TO  .95 

IF(X.E0,"H  ")  GO  TO  ZOO 

DECoDE(X.946)  V09 


ylOAiO . 

IP  t' v02.Eo.20)  GO  Tt  2lO 
GO  TO  230 

lPtlVo3.LE.5)  GO  TO  iTq 
GO  TO  ,50 
print."  " 

prInt ."»»»*»Ewter  I'.o  For  onE  truck  pEr  eeau  (TWg  l'nEs" 
PRINT."  OF  WHEELS), 0.5  FOR  OnE-h)(lF  TRUCK  lOaD  PER  BEAM.EtC" 


GO  TO  190 
pRint,"  m 


PRINT, »FImP„ 

PRINT, „ENTER  impact  fraction  - " 
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1612c 

ml 

1615C 

i616C 

i6l7t' 

220 

1618c 

l6l9t 

16200 

l62if 

16220 

?3o 

16230 

16240 

16250 

i6?6e 

16270 

16280 

16290 

l63oe 

235 

\U\l 

240 

16330 

l634(i 

i6.15c 

2^0 

16360 

1*370 

16380 

16390 

16400 

16410 

i642U 

16430 

16440 

2*0 

16450 

1646(1 

1647(1 

16480 

1649(1 

270 

16500 

1651(1 

16520 

• 651'’ 
16540 

16550 

16S60 

i657o 

280 

i658o 

l659n 

16686 

16610 

16620 

2^0 

16630 

R£Ar)(‘i.?44  1 X 


ir(x.(-ci."R  ••)  no  TO  ,90 

IF(X.eC."h  ")  no  TO  220 

DBCoDE(X.94A)VinA 
GO  TO  230 
P R I N T * »i  tt 

PRINT IS  THp  impact  fraction  TO  BF  ijSED  FOR  RR« 

PRINT. „ loading'.  enter  aS  DECIMAL  FR  ACT  i Cr  , I . E . . 0 • 3 FCR„ 
print, „ 3u  PEHCFNT., 

GO  TO  210 
PRINT, » „ 


print, „FLLn 

print. „FNTER  fraction  OF  ALlFR  - n 
READ(5.94<I)  X 

If  <X.FO,"R  ")  GO  TO  235 

IF(X.eO."h  ">  no  TO  240 

DECoDE(X,946)v11 
GO  TO  250 

IF(  IVu2.EO.20»  GO  Tfi  2i0 
GO  TO  i90 


print.* f-LL  iS  eRac^IPN  Op  ALLpR  TO  aCCOUNT  pOR" 

PRI^T."  FCCF^JTR1CTTT  A,.n  CEnTRIFuGA,  ForCE." 


IF ( IV03.GT.8)  GO  TO  AIq 
PRINT."  " 
print, "DSFCT" 

PRJNT.-cNTeR  oePTh  tip  PRpc^f^'''  SEpTlONI  INCHES)  - " 

pE  AD(5,944)  ^ 

IF  ( x . EO.  "R  •• ) no  TO  230 

IF(X.E0.„H  „)  no  TO  260 

DECODEIX ,946)Vip 
GO  TO  270 
PRjNT,"  " 

pRli^T,"...#  ToTA,  DI-pTH  pF  prECAsT  SECTIjn" 

IF( IV03.LF.5)  PRINT  952 
IF( 1V03.GT.5)  PRINT  95i 
GO  TO  250 
print,"  " 

PRInT>"ASFCT" 

PRINT, "ENTER  area  (TNChES»49)  - " 

READ(5,944)  X 

IF(X,E0."R  ")  GO  TO  25O 

IF(X.eO,"h  ")  nO  TO  280 

DeCoOE(X>946)vl3 
GO  TO  290 
PRINT,,.  „ 

PRINT, ..•••••TOTAL  AREA  OF  PpECaST  SECTION" 

IF( I Vn3.LE.5)  PRINT  952 
IF! I VO3  .GT  .5)  PRINT  95j 
GO  TO  270 
print."  " 

PRInT."sECTI" 


(Continued) 


Fortran  Listing  (Continued) 


16640 

iml 

16670 

166P0 

l6690 

16700 

l67l0 

i67?u 


')  nO  70  i:7o 


print. NTFR  moment  inertia  (lNCHtS««4)  - 
RE*D(5,444)  X 

lFtX.pO."R 
IF(X.EtJ."H 
DEC0DE(X.V46)V14 

GO  TO  3l0 
130  PRINT. H H 

print. «».. ••TOTAL  MMmEnT  OF  INERtIa  Of  PRECAST  SECTION" 


gq  to  ^oc 


16739 

16740 
16750 
16760 
1677.) 
1 A789 
16790 
16900 
16810 
16820 

16839 

16840 
16850 
16960 
16870 
16880 
16890 
i69oo 
I.9IO 
16920 
16930 
16940 
16950 
1696o 

16970 

16900 

l699o 

.7000 

17010 
17020 
17030 
17o4o 
170  = 0 
17060 
17070 
17080 
l7090 
l7l00 
l7ll0 

ijl?® 

17130 

17140 

17150 


">  Go  TO  iOU 
")  GO  TO  32C 


IF(IVo3.LE.5)  print  952 
1F<  IVO3.GT.5)  PRINT  95. 

GO  TO  290 
310  PRINT."  " 

PRINT. "YTh 

print. "DISTANCE  BETIJEEn  CENTROJOaL  AXIS  AND» 
PRINT, "TOP  OF  precast  SECTION  (InCHES)  - " 
REaD(5.944)  X 

IF<x.E0."R 
IR( X , EO . "M 
DEC0DE(X,946)  V15 
GO  TO  37O 
320  pRinT."  " 

IP(  IV03.i_F.5)  PRI,^T  952 
IF( IV03.GT.5)  PRINT  95i 
GO  TO  3l0 
33o  print. n n 
PRINT. "TB" 

PRINT. "DISTANCE  BETnEEn  CENTROIDaU  AXIS  4ND9 
PRInT,"p0TT0M  of  precast  section  (INCHES)  - " 
REaQO*'*^^"*)  X 

) Go  TO 


">  CO  TO  340 


IF(x.Eq."r 
IF(X.E0."H 
DEC0nE(V,946)  V16 

3^0  print.,,  „ 

IF(IVo3.LF.5)  print  952 
IF( I Vq3.GT ,5)  PRINT  9S, 

GO  TO  33O 
35q  print."  " 

PRInT*"E’Ts" 

print. "ENTER  RIDTH  i)F  TOP  SlAB  OI)  FLAnCE" 
PRINT. "OF  PRECAST  SECTjON  (INCHES) 
RtAD((,.944)  X 
tF<)(.EQ-"S 
ir( X. fcQ. "H 

decode (X, 946)  Vl7 
GO  TO  37o 
360  PRINT.,,  H 

IF(  IV03.LE.5)  PRINT  952 
IF(  IV03.GT,5)  print  95. 

GO  TO  350 
370  PRINT."  " 
prInt>”tts” 


')  pO  TO  330 
')  Go  TO  ^80 
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1 7160 
17I7O 
17180 
17190 
17200 
i72l0 

ml 

17240 

17250 

17260 

17270 

l7j80 

17290 

17300 

l73l0 

17320 

1,330 

17340 

17350 

17360 

17370 

17380 

17390 

,7400 

17410 

17420 

17430 

17440 

17450 

1746'’ 
17470 
17480 
17490 
l75oa 
17510 
17520 
i7530 
17540 
17550 
17560 
17570 
17580 
17590 
Ij.OO 
17610 
17620 
{7630 
17640 
1 7 65'’ 
17660 
17670 


print, "rNTER  minimum  Thickness  or  top  Slab" 

print, "OR  TlaNGE  or  PReCaST  section  (INCHES)  , 
REaD<5*’44)  X 


">  Go  TO  350 
")  GO  TO  08(1 


'>  r,0  TO  370 
'>  Go  TO  '*00 


IE<X,t(5."R 
IE (X.EQ."H 
DEC0DE(y.946)  V18 
GO  TO  360 
390  print."  " 

IE ( 1 V03., E . 5 ) prIrT  R52 
IE/ IV03.GT.5)  PRINT  05i 
GO  TO  37o 

39o  !E(  IVu3.E0.7)  VlR.oi 

IE ( 1 vn3  .EO, 7)  GO  To  550 
print."  “ 

PrI.T."P0" 

PRINIt, "ENTER  minimum  NiOTH  oF  /IER" 
print, "or  PRECAST  SUCTiON  (INCHES)  - 
REaD(5,944)  X 
JEtX-tQ*"R 
IE  (x.E(3."H 
DEC0DE(X,946)V19 
GO  TO  570 
400  print.,  „ 

IE  < 1V03.LE.5>  PRINT  952 
IE( iVOj.GT.g)  PRINT  95. 

GO  to  390 
4l0  PRjnT."  " 
pR|rT."W0" 

print, "ENTER  total  .JIOtH  uE  BOX  BEAM  ,EEET)  - , 

READ(5.944)  X 

IE(X.HQ."R  ")  GO  TO  230 

ir<)(.FO."H  ")  r,0  TO  41& 

nEConE<X.946)V12A 
43o  print."  " 

PRlNT,.,nB.. 

print. ..enter  total  berth  or  box  BEAM(rEET)  i.. 

R6AD(5.944)  X 

IE(X.EQ."R  ")  GO  TO  4(^0 

ir(X.f;0."H  ")  r.o  TO  440 

0ECoDE(X,946»V1SA 
GO  TO  450 
440  print,,  , 

PRINT. ,»».«.NCpTE#USE  OePth  aT  lOWER  EdGE  WHEN, 
print."  TOP  Surface  is  sloped." 

GO  to  430 
45o  print."  " 

PRIhT."TTS" 

print, "INTER  minimum  Thickness  of  top, 
print,, slab  OE  box  beam  (INCHES  ) - « 

READ(5,944)  X 

IF(X.f.Q."R  ")  GO  TO  <30 

IE(x<Eo."H  ")  Go  TO  <50 
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17680 

l769n 

17700 

I77IO 

17720 

17730 

17748 

17750 

£7760 

17770 

17780 

17790 

17800 

77819 

17828 

17830 

17840 

17950 

17869 

I78y8 

17880 

17898 

17900 

t7%%S 

17930 

17940 

17958 

1*7980 

17998 

18008 

[ini 

180S0 

18048 

18058 

£8060 

£8070 

18088 

l8090 

18109 

l8ll« 

18128 

19159 

18148 

18151 

m 

isisi 

18198 


DEC0Ue(X.946)V14A 
<70  PRINT,"  " 
print, "T0S" 

PftlNT."[NTER  thickness  Of  BOTToK" 

PRINT, "SLaB  Of  rOX  (INcMgS)  - " 

rEAD( 5,944)  X 

IF(x.EQ,"R  ")  no  tO  '>50 

IF(X.eO.«H  ..)  GO  to  470 

DEC0De(X,946>  V,5i 
490  PRINT,"  " 

PRInT."TSW" 

PRINT, "ENTER  thickness  OF  SID6W*LUS" 

PRINT, "OF  BOX  BEAM  iINcHES)  - " 

RGAD(5,944)  X 

if(x.bO."R  ")  gO  70  470 

lF(X.eQ,"H  ")  §0  TO  490 

DGC0DE(X.946)  V164 
V17A*o • 

clO  IF( IV03.E0.9)  GO  70  380 

PRINT,"  " 

P?>nT*"TmW" 

P4INT, "ENTER  thickness  OF  GENTE*  WaUU  OF" 
PRINT,"tiOU0LE-CELLE6  BO*  BEaM  (INCHES)  - " 

READ(;,944)  X 

IF(X.eO."R  ")  gO  T9  490 

IF(X.Eq."H  ")  Go  TO  5l0 

I}EC0DE(X.946)  V17A 
530  PHINT."  " 
print , "OH" 

print. "ENTgR  oePTh  vNQ  “IdTh  OP  FILLeT  MNrHE*)  ■ " 
rEAD(9.944)  X 

IF(x.PQ."R  ")  GO  TO  535 

IF(X.EQ.„H  „)  GO  TO  540 

DEC0DE(X,946)  VjOA 
GO  TO  55O 

535  1F( IV03.EQ.9)  GO  To  49o 
Gn  Tn  510 
540  print,"  " 

print. ^•••••NQTEgFlL'LET  IS  THE  TRUNQULaR  AIE4  Th8T  PORMS* 

print.,.  thb  Corner  of  a cell  in  a bo8  beam.m 

GO  TO  530 
55o  PR  I NT , n ,1 

print, "DELTA" 

print, "enter  incREaIe  iR  tmickniss  Of  Top  slai" 
print, "Of  gOX  bbaR  flUB  TO  SlOPINO  UNcH|S)  - " 
dGAD(9,944}  X 


ir(x.eo."R 
IF<X.fO.,H 
06CODE(X,946>  Vv9A 
570  print."  " 


")  GO  TO  530 
n)  GO  TO  550 


"En'tSr  DIaPHRIm  LSCATION  AS" 


(Continued) 

El*5 


Fortran  Listing  (Continued) 


ieioi 

isZli 

iS22i 

iS23> 

iS24i 

1825^ 

18261 

i8a7« 

18288 

18298 

l8S08 

l83i8 

iSHi 

{8380 

18378 

18388 

18898 

18408 

18418 

18428 

18438 

18448 

18488 

ai8468 

ie4t« 

18481 

18498 

i8SQ8 

I8S18 

18928 

18938 

10548 

18558 

18588 

18571 

18588 

18598 

18688 

I8618 

18628 

18638 

18648 

18658 

18668 

18678 

18688 

18698 

18708 

18718 


P«It4T."4  FRACTION  0#  SPiN  LENSTH  - • 

ReAQ{g,944)  X 

IP()(.6Q."R  ">  qO  T8  579 

IF(X.Bq."H  ")  Q(j  TO  *80 

DeC0DB(X;946)  V20 
GO  TO  590 

579  ll'<  lVQ3rE0.7)  QO  TO  3^0 
I^(IV03*eT.8>  08  TO  550 
GO  TO  390 

580  PRINT. n « 

print, *»*.«*NOTB.roR  oirphrams  at  third  POINT!  enter  0.3S.» 
RRInT.h  IP  NO  BIaRhRAmS  are  USeC  ENTIR  ZIRO.n 

GO  TO  57o 

5^0  IF(V20.eo.O. > QO  TO  605 

print,"  " 
print. "dIaPH" 

pRInt. "Enter  height  pEr  diapHram  (Kipg)  • " 

R6AD(9.944)  X 

IP(X.IO,"H  *•)  SO  Tl  570 

ITIX,E0,"H  fl)  00  Tfl  99O 

DEc0db‘?»’86>  V21 

Sq  To  810 

605  wiliO. 

V30*0.9 

610  IPlIvOEtNEiE)  Qq  Tq  63o 

print."  " 
print. wHDPT, 

print. .ENTER  DlBTANfeE  PRDM  mI6SPaN  TO  HOLD-DOBn. 

pRint;»point  tor  deRreseed  strand*  ipbet)  - n 

R|ADt***T4)  X 

IP(X.Bo."r  ")  60  to  8l5 

IP()(.iOi"H  "J  GO  TO  610 

DBC0DB(x;946)V22 
GO  TO  63O 

615  irlV2l.f0.0. ) GO  to  5T0 
Gh  To  880 
630  PRINT,"  " 
print. wASn 

PRINT, .ENTER  AREA  0#  A flNgcE  PReSTRESSING. 

PRINT. .strand  or  carle  |INChES«*2)  - . 

RGADI5.944)  X 

ir«X.EQ,"R  ")  qO  to  635 

IP|X,B0ic"H  "»  Go  TO  630 

OGCODB(w;946)  V23 
QO  TC  690 

639  in tVo9.E0.2>  QO  To  61o 
mvji  .EO.O,  > QO  TO  570 
qO  to  990 
650  print."  " 
print, UPSULT. 

print, .enter  ULTIHAtE  strength  QP" 
print, .PRpSTRBSSING  STgEL  <kSI)  - . 


Iinbce  pReStressing. 

INCmES.92) 

")  qO  to  635 
"»  Oo  TO  630 


I 


Fortran  Listing  (Continued) 


1*^20 

l873f| 

>!?» 
1 8760 
18778 
18788 
18798 


18800 

18818 

18826 

18830 

18840 

18850 

18860 

18870 

18880 

18898 

l8900 

; 18910 

! 18930 

18930 
18940 
18958 
18968 
1897* 
18980 
18996 
19000 

i9eio 

lloSo 

19040 

19050 

19060 

I9O7O 

19080 

19090 

19100 


19130 

19140 

19150 

I’lOO 

19170 

19188 

l9l9o 

1*200 

19210 

19220 

19236 


PEAD(g,944)  X 

")  p,0  TO  630 

ir(x  go  "H  ")  GO  TO  j_0 

, n£C0D6<X.946»  V24 

670  P«INj,"  " 

PRINT. »RSm 

pPint.hEnter  Ratio  of  sxeel  stress  at  tive  of  strano^ 

PRINT. „RELE4SE  or  anchorage  TO  ULTIMATE  PRESTRgSS I NG.. 

PRINT. „STEEL  STflENGfH.. 

READ(5(944>  X 

lFtX,EQ."R  ")  GO  TO  65O 

ir(X.gO."H  ")  gO  TO  670 

DECoDE(X.946)  VP5 
6*0  PfilNf,"  " 

print. "R" 

pRinT."EnTEr  RAT.o  hf  S9EE,  STrSSS  after  loss  aF" 
pr|nt."prfstress  To  stegl  Stress  at  anChcrage  - " 

ReAD(5.944)  X 

IF(X.E0.'*R  ")  GO  TO  670 

IF(X.6Q.»h  ">  GO  TO  690 

DECqDE(X.946)  V26 
710  print,"  " 
print ,«EM!N„ 

PRINT. „ENTER  MINIMUM  FglSIBUE  ECCENTRICITY  OF  CENTER  OF« 

PRINT ."GRAVITY  OF  PReStRESSinG  TgNoONS  FROM  SOTTOM  OF  BEAM" 
PRINT,"!  INCHES)" 

REaD<’*’<^)  X 

IF(X.EQ."R  ")  Go  TO  690 

1F(X.EQ,"H  ")  GO  TO  720 

OECODE(X,946)  V27 
GO  TO  7x0 
720  print  971 
pRfNT  972 
GO  TO  710 
730  PRINT."  " 
print, "ESR" 

print. "gNTgR  Fac^O^  allow  FQR  STRaND  RELAXATION  aNd  MgMgER" 
print*''sHoRtEnTnG  prIor  To  Computin'*  stage  ? stresses 

READfSiPAA)  X 

IF(X.E0,"R  ")  GO  T9  ?i0 

IF(X,eO."h  ")  GO  TO  740 

neC0neIX,946)  V28 
GO  7O  750 
7‘'0  print  971 
print  972 
GO  TO  730 
75o  print,*  n 

PRINT. hFCULT* 

print, *enter  compressive  strength  OF  concrete  in* 

PRINT, "PPfSTRPSSED  MEHbER  at  28  DAYS  (KIPS  PER  SQ  IN)  - " 
ReA0<9,944)  X 

if(x.aO."h  ")  gO  to  730 
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1924S 

i92e8 

1929( 

l93oJ 

1933B 

19348 

19359 

19548 

19378 

19388 

19398 

19408 

i’9l0 

la428 

19438 

19446 

19458 

19488 

19498 

19508 

I’Sio 

log2B 

19538 

19540 

19558 

19560 

19570 

19500 

19590 

19400 

19610 

19420 

19630 

19640 

19650 

19460 

19670 

|96ao 

19*9® 

19700 

l97l0 

19720 

19730 

192<0 

19750 


IF<X,E0,"H  ")  GO  TO  750 

DeC0D6(X.946)  Vj9 
770  POINT,"  " 
print ."rci" 

pRInT."EnTEr  ComPREbsIvS  STrEnQTH  flf  ConCrEtE  In" 
p9int."Prfstr6sseo  Member  *t  time  or  4Ncmor6gb« 
print. „0R  STR6NB  ReL’E*SB  IMtPS  PeR  SQ.  jN,>  - , 
R64D(9,944)  X 

ir(X.|Q,"R  ")  (jO  T9  750 

IF(X.Eo."H  ")  r,Q  TO  770 

0ECeDE(X.944)  V30 

VSlAafl. 

790  lFnV03,LE,5>  QO  TO  glO 
qO  to  830 
810  pRinT."  " 

p*tNT-’’FCpC" 

print, "ENTER  COMPRESSIVE  STRENQTh  OF  CONCRETE  « 
p9INT."IN  composite  DEcR  slab  (XIMS  PEP  SO,  ir;»  . " 

ReAD(,,944)  X 

IfIX.|Q."R  ")  eO  TO  770 

IF(X,EQ."H  "»  GO  TO  810 

DEC0DE(X.946)  V3lA 
83o  print."  " 

print ."FTFNT" 

PRinT.-cnTcR  AllONAIle  ^eNSjLE  StRpSS  IN  TqP  p,E 
PrInt."of  PrEstrEss®°  merbEr  (MlMs  '’Er  s°- 

READ(5.944,  X 

IF(X.EQ."R  ")  GO  TO  839 

IF(X,bO."H  ")  GO  TO  830 

DEcOdE*'*’*’^*'  V32 
HQ  To  *50 

835  IF(  IV03,LE.5)  GO  TO  8I0 
GO  TO  770 
85o  print, b b 

PRINT, bFTENBb 

print, bENTER  allowable  tensile  stress  In  bottom  FIBERSb 
PRINT, "PRFSTRESSED  HEMbBR  IKIPS  PER  SO.  IN,) 

READ(5,944)  X 

IF(X.gQ."R  ")  fiO  TO  830 

IF(x.F0."N  ")  Go  TO  850 

DEC0DE(X.946)  V33 
fl7o  pR[nT,"  " 

pftJNT."FNPS" 

print, "ENTER  allowable  STEEL  STRESS  OF  NCNPRESTRE*SED" 
print, "REINFORCEMENT  (KIPS  PER  Sg.  IN,)  . " 

READ(c,944)  X 

lF{X.gO."R  >M  fjO  TC  b50 

IF(x.Eo-"N  ")  r.Q  T0  870 

DEC0DE(X.946)  V34 
S’o  PRINT,"  " 

PRINT, "FV" 

print. "fNTgR  Ultimate  st^el  stress  Of  stirrop» 
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Fortran  Listing  (Continued) 


19760 

l9T7n 

i978* 

19796 

i98q6 

19810 

19128 

19830 

19840 


19880 

19890 

19900 

I99i0 

19920 

\mi 

19950 
19960 
19970 
19980 
19990 
20000 
20010 
20020 
20030 
2QQ3!> 
2 0 u 4O 
20050 
20060 
20070 
20080 
20090 
20}.O9 
20110 
20120 
20130 
20140 
20150 
20160 
jO.  7« 
20180 
20190 
20195 
20200 
20210 
20220 
20230 
20240 
2®25® 


print. BRElNrOMCEMENT  IKIPS  PER  SQ.  JN, 
READ(5.944)  X 

ir<X.E0,"R  ••)  GO  TO  87° 

ir(X.gQ."H  ")  gO  to  890 

D6CoOEo<,946)  V35 
910  PRINt."  " 

PftlNT."AV" 

PglNT."ENTER  AgEA  OP  AlC.  LEGj  OE  stJrrU^S  *Y" 
PRINT. none  SECTION  IN  THE  MEHBER  <SQ.  IN.)  t * 
READ{5,964)  X 
ir(X.EQ,''R 
IF<X.eQ."h 
DECoDE(X.946)  V36 
930  PRINT."  " 

PRINT ,hNSEC» 

print. „enter  number  Of 
PRINT. "BE  analyzed  FOR 
READ(5j,932)  Y 
lF<Y.gO."R")  gO  TO  9l0 

If (y,eq.’’h")  Go  To  930 

DECODE(y,940)  IV37 
95o  V39(i)=r.5 

DO  953  ls2, 1V37 

953  V39{i)=0. 

Do  954  1=1 . I V37 

954  V40( I 1=0. 

PRINT  2t00 

Iff IV02.EO.20)  GO  To  98? 

955  If ( IVj/.EH., ) GO  TO  97- 
DO  96*5  I=?.!V37 
J*I 

print  2001 . I 
prInt  2r02.  I 
READ(5.044)  X 

If(X.EO."R  ")  GO  TO  930 

If(X.EO."K  ")  GO  TO  95J, 

9*0  DEC0DE<)f-946)  V39(j!I 
Go  TO  970 
965  PRINT  2004 
J:1 

PRINT  2006, J,V39(1) 

READ(5,044)  X 


")  GO  TO  890 
"1  GO  TO  9l0 


SECTIONS  aT  HKICH  BEAM  tS  TQ" 
moment  (Maximum  of  4)  - « 


If<X.EO."R  ")  GO  TO  95O 
IFfX.tQ."H  ">  gO  to  965 
DECoDe(X#946)  V40(l) 

If Clw37.E0.1)  GO  TO  970 
no  968  1*2, I V37 


J*I 


print  2101, I 

print  2t,02,I 


READ(5,944)  X 

If(X,FQ."R  "1  GO  TO  93O 
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i 


i 

I 

20260 

; 20270 

I 202fln 

20590 

i 20300 

! 20310 

I 20320 

20330 
20340 

[ 20350 

20350 
20370 
20300 
20390 

20400 

' 20410 

20420 
20430 
20440 
20450 
20460 
20470 
20480 
20490 
20500 
20510 

jOSgO 

20530 

20540 

20550 

20560 

2O57O 

20580 

2O59O 

20600 

20610 

20620 

20630 

, 20a40 

20650 

20660 

20670 

2O68O 

20690 

20700 

20710 

20?20 

2O73O 

20740 

20750 

20760 

20770 


ir(X,RQ.«M  ")  Go  To  965 

decode ( V . 946  ) V39tJl 
print  2C06. J,V39{ J) 

PEAD (5  I V44 ) X 

IF{X.eQ."R  ")  r,0  TO  965 


IE(X,Eq."h  ’•)  Rq  TO  ’65 

DEC0nE(X,946)  V40(jy 
968  CONTINUE 
97[)  print,,,  „ 

print, ..f’ETRLH 

PRINT, .,13  NUMBER  ANn  UOCaTION  OF  PRESTReSS  1 NGm 
PRINT, ..STRANOS  TO  BP  InPUT  oaTa  (T  OR  Nj  j „ 

READ(5,932>  Y 
IF(y.RQ.''R")  go  TO  950 
IE<Y.E0."H")  80  TO  97° 

IF(Y.^0."Y")  go  To  973 
IE(Y.E(J."n")  Qg  TQ  974 

print, "*»»*«CORRECT  RESPONCF  IS  y FOR  AND  N FOR  NO«»** 
GO  TO  970 

973  IV38.1 

GO  TO  99o 

974  IV38.-1 

GO  Ta  ir7o 

99o  print 

PRINT...  I DC., 

PRINT, ..ENTER  A number  TO  IDFNTiFy  THg  CaSE  U niGIT  MaX)  - 

READ(5,?3p)  Y 

IF(Y.eO."R")  go  TO  970 

IF (y.Eo."h")  Go  To  990 

DECOnE(y,940)  1V41A 

lolo  print."  " 

PRINT  ."ETRNS" 

print, "ENTER  number  OF  PRESTRESSlNQ  STRaNDS  - " 

READ<5,o44)  X 

IF(X.tO."R  ")  gO  to  990 

IF  (X.Eq."M  " ) Ro  TO  J-Oi-0 

DEC0DE(X.946)  V42A 
103q  print."  " 

PRINT. "YM" 

PRlNT."pNTgR  oISTAnL’p  pROM  BOTTOm  Of  Sj^NTROlg  Of" 

PRINt."PREstREssI^G  STRANOe  AT  MiDcPAN  <INCHEis)" 
READ(5.9447  X 

IF(x.EQ."R  ")  RO  TO  1 0i 0 

iF(x.eo."H  ">  ro  TO  lo3o 

DECoDE(X,946)  V43A 
1050  PRINT."  " 

IFl IVOS.EO.l)  V44A,y43A 
IF( IVOs.EO.j)  GO  TO  ^Oyl 
PRINT. "Yg" 

prJnt."FntEp  I)Ist*nce  from  pottom  0^  REam  To  cent»o>R" 

PRINT, «OF  PRESTHESSING  STRamdS  AT  gNO  OF  BEAM  .INCHES,  - " 
READ(5>944)  X 


(f 


f* 
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( 


2078o  ir(x.bO."R  '■)  r,o  TO  igiQ 

2079(1  lF(X.b(2."H  •')  f?0  TO  IO5O 

20fll0  107(1  IF(  Iv03.Gy.5)  GO  TO  ll30 

?08?0  ln75  PRINT, 1.  .. 

20830  PRINT, „PCS.. 

20840  PRINT, "ENTER  WIDTH  ()F  cRMPRfSSIVE  SLAB  IINCHES)  - " 

2O85O  REA0(^,o44)  X 

20a(S0  If-0(.c(3."R  •’>  r,0  TO  IO8O 

20870  IF(x.Eq."H  ••)  Oq  to  10^5 

20880  DECODF (y , 946  ) V45A 

20890  GO  TO  ir'90 

20*00  1080  IF(IV38)  97o.P7o*10rt8 

0O94O  ,085  IF( IVOk.EO,, ) GO  TO  ,0,* 

209^0  ^ GO  TO  1050  ^ ^ 

20930  in’o  PRinT."  " 

20940  Pr1nT."TC8" 

20950  print, "ENTER  THICKNESS  DE  COMPOSITE  DECK  SLAB  (INCHES)  - " 

20960  READ(S.944)  X 

JO97O  IE(X.EO."R  ")  GO  TO  ,075 

20980  lr(l<.ER-"H  ">  GO  TO  io90 

20990  DECoDE ( y, 946 ) V46A 

21000  ino  PRINT,"  " 

2101U  PRINT  ...XNCS., 

21020  PRINT, "ENTER  RATIO  iir  MODULUS  OF  ELASTICITY  Of  COMPOSITE" 

21030  PRINT, "DECK  TO  MODULUS  OE  ELASTICITY  oF  PRECAST  MEMBER  - " 


21040  Rt*D(5.944)  X 

21050  IF(X.Eu."r 

21060  IF(X.EO."M 

21D7o  DEC00E(X,946)  V47A 

21°80  1,30  PRINT,"  " 

21090  P'l  fORM*T(///i20X."T*glE 


")  GO  tO  10*0 

")  GO  TO  mo 


i**//r 


21100 

«" 

section 

TYpP  qF 

AppRgX . 

AppPgX, " . / 

21110 

t" 

NUMHEP 

section 

value  or 

VALUE"./! 

21120 

21130 

i” 

A" 

1 

COMPOSITE  spread  box 

EMIN  (In) 

2.8 

OF  ESR"./// 

21140 

A" 

2 

COMPOSiTg  AAsho-PoI", 

//. 

21150 

21160 

A" 

A" 

3 

ctandarD  fjE c j r on gH , / , 
TYPE  I 3o'FT  span 

2.0 

0.915"»/, 

21170 

A" 

TYPg  I 45  pT 

3.0 

0.88",/i 

21180 

A" 

TYpE  n 4.t  Fy 

2.5 

0.915"./, 

21190 

A " 

TyPE  II  60  Ft  SPAN 

3.3 

0.88",/, 

21200 

A n 

Type  hi  <)5  ft  span 

3-5 

0-9l5„./! 

21210 

r 

type  III  80  FT  SPAN 

4.0 

0.88"./, 

21220 

A" 

Type  iv  7O  ft  span 

3,5 

O.9I5",/’, 

0.6S*,/, 

21230 

A" 

TYPg  jV  InO  pT  span 

4.5 

21240 

A" 

4 

type  V Ft  span 

4.5 

0.905",/. 

21250 

A « 

Type  V 126  Ft  spam 

5.0 

0.88h,/, 

21260 

r 

type  VI  ITO  FT  span 

5.0 

0 .905" , / , 

2127O 

A" 

Type  VI  140  fT  spaN 

5.5 

0.88",''F) 

21280 

*72  fOPMAT(3X, 

."5",5X."Cl)MPoSlTp  Tgr 
40  Fy  gPAN 

21290 

A" 

4.5 

0.905"./, 
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2l3no 

4" 

5o  FT  Span 

5.0 

0.9o5"./. 

21310 

4" 

fiO  FT  Span 

6.0 

0 .9O5",//, 

21320 

4" 

6 

channel"*  7 * 

21330 

4" 

?B  Ft  span 

3,0 

0,905",/. 

21340 

4" 

30  FT  Span 

4.0 

0,905"./, 

21350 

40  ft  Span 

5.0 

0,905".//. 

21360 

4" 

7 

^OU  ID  c;L  AR 

2.0 

0.935",//. 

21370 

8 

voiOGii  Slab 

2.0 

0,93",//. 

21300 

4" 

9 

single  Go* 

2-0 

0.925",//. 

213,0 

I" 

1 0 

DOUBLE  so* 

2.0 

0,925",///, 

21400 

2000  fOPm4T(/,"*» 

•••NOTpHScrT lON 

1 must 

Fg  AT 

MlnSPANiTMFReFOPE" 

2141(1 

4 

(1 

jO  n.5 

By  PpOGpAM",//) 

2i<2n  2n02  format(..emter  distance  to  Section  ••iii./.  ^ 

81430  i "FROM  SUPPORT  AS  A FRACTION  OF  SPAN  V) 

21440  2o04  FORMaT(/,"*b«».NOTepm3mFNTS  FOR  COOPER'S  E-1  Ar  LOaUInG  HaT",/, 
21450  4 ■'  Be  cNTcPcn  WiTh  ApPRCPiATe  fLOAq  ANn"i/, 

21460  « ••  VALuFs.Op  1.  HAy  BE  ENyEpED  FtJp",/, 

2147(1  3 ..  FLOAD  AMD  AlLfR  WITH  THE  BhLL  VALUES",/, 

21400  3 " entered  aS  actual  MO'^^ENTS  to  be  APPLIED",/, 

214,0  i " TO  SECTION  ",///> 

21500  2nOl  rORMAT(/,"niST(",  Il','"»") 

2l5io  2o06  FOpMAT(/."BMLL(»,ilT’’)"F/. 

21520  4 "ENTER  LIVE  I 040  MOMrNTS  FOR  RaIlROAD  LOADING  aT",/, 

21530  i "POINT  corresponding  TO  SECTION  DISTANCE  OF  " , F 7 , 4 , "L " , / , 

21540  4 "(FT  KIPS)"» 

21550  LN*1 


21560 

21570 

21500 

21590 

21600 

21*10 

21a20 

21630 

21640 

21650 


PBinT  5500, lN 
pRl^jT  5502, VOl 
LNs2 

PRINT  5501. LN 

PRINT  55  04,IV02.IVo;<,IVfl4.Ivo5,¥o6,V07,V08,V08A,V09,ViOA,VH 
LN«3 

PRINT  ccOl.LN 
I F I I V 03 . gT . 8 ) go  To  30o0 

PRInT  5506,V12.Vl4,wl4,Vl5,vl6.Vl7,V18,Vl9 
GO  TO  3020 


21*60 

2l67() 

21608 

21690 


21700 

2l7in 

21720 

21730 

21740 

21750 


^7^0 


3oOo 

3o2o 


21700 

21790 

21800 

21810  3n4() 


PRINT  5508. V12A, Vl3ft. ViAA, Vi5A. V16A. Vi7a.Vi8A, Vl9* 
LN»4 

PRINT  S5OI.LN 

PRjnT  B510. V20.V21. w?2, V23, v24,V25,V26, V27,V28 
LN*5 

print  5501,lN 

PR'nT  5512,v29.v30,v/31AFv52;v33*v34,v35»v36 
LN*6 

print  5501. LN 

PRINT  5514, 1 V37, IV3B, ( V39( J1 , V40( J) , J.1»I V3T) 

LN*7 

IF( I V03.0T.5)  GO  TO  3050 
PRInT  5501  , lN 
print  5516,V45*.V46A,Va7a 
IP  I IV38)3o6o»3060*3ii40 
LNsb 


(Continued) 


Fortran  Listing  (Continued) 


218?U  print  fi5oi»LN 

21030  PRINT  P5l8.  IV<tlA,V4:'A.V'l3A,v4'l* 

21040  GO  TO  3C0O 

21050  -SnSo  IFI  t V3a  )3n6o*3O0O>3ll55 

21000  3055  print  55^0,  IV4jLA,V4j,A.V43A,V44A 

21870  3o6o  l.Nsl 

21800  HRiTE(02.5522>i.N.V0i‘ 

21890  LN»2 

219  00  WRITEjO?'5524)LN.IV(i2*H03.!VO4iIV05,V06.V0T,Vo8.W08*.V0*.V10A.VH 

2l9l0  LNs3 

21920  IF( IV03.GT.8)  GO  To  3300 

21930  WRITE,CI2.5525)LN.Vip,Vi3,V14,Vi5,Vi6,v1T.V18,Vi9 

21940  GO  TO  3100 

2l95e  3f)8o  WRITE!  02.5526  >LN,Vii.A.v  13*  >Vl4A,V15*#  V16*.V*7*,Vi8A  I Vi9A 

21960  3i00  I-N*4  > 

21970  WRITe(P2.5528)ln«V2P.V21,v2?. V23,V24,v25.V26. V2T,V20 

21900  L|us5 

21990  WRITE,02.5530)LN.V21>,V3fl,V3lA.v3j.v33,V34.V35.v36 

22000  LNi6 

2201C  WBITE(02,5532)LN, IVS7, I»3e,(V39< J) ,V^0(J),J»1. IV37) 

22020  LNs7 

22030  lF(  ,Vi)3.(;T.5)  qO  Tq  32ofl 

22040  wRlTE(02.5534)LNn,4«A.y46A,y474 

2205C  IF( IV3e)3?3o.3230»3i9Q 

2,060  3.90  LN.0 

22070  WRITe(02.5536)UN. IvilA*942*TV036,V44^ 

22080  Go  To  3230 

22090  3200  IF{ iv3P)3230. 323013^10 

2210C  321(5  WfiITE{02.5536)LN,  IVilA,942A‘,V03A.V44A 

2,.,0  55O0  FORMAT!"  LINE  NUMBER  ",1../, 

22120  4 "INPUT  SYMBOL  VALUE".//) 

22130  5502  FORMAT!"  1 TjftE  "A66,//) 

22140  9501  FOpMAx!"  LINE  NuMUEp  ",Il./, 

22150  4 hINPUT  SYMbFl  VaLUE  CCMMENT,,,//, 

22160  5504  FORMAT!"  2 IDlD  "•!?. 

PZljO  4 /,"  3 IDSFC  ",I2, 

22160  4 4 jQT^T  "«l2. 

22190  4 /,"  5 lDp}.T  ".Il» 

22200  4 6 FUoId  "'.FO.B, 

22210  4 7 SPAN  ".Flo. 3, 

22220  4 /...  0 SDl  a.Fio.S, 

22230  4 /.,.  9 CDl  • . F m . 3 , 3)t . hSET  EGUAL  To  ZERO  f0R„ 

22246  A NONcOmPOSHE  SECTION" 

22250  4 /,"  10  aLL^R  ".5X.F5.3, 

22260  4 11  FiMP  • . 5xfr5 . 3 , 3Xi , "SrT  eOU*l  TO  ZcHO  fOR"> 

22270  4 HlGfl^,AY  LOAD". 

22280  4 /,»  12  FlL  • , 5X. F5 . 3 , /// , 

2229c  5506  FORMAT!"  13  OSEfT  •.Fin.3, 

22300  4 14  ASEtT  ".Fln.S, 

223lC  4 /,"  15  SeCTI  "»rTl-3 

22320  4 /."  16  YT  ".Flri.S, 

2233C  4 17  yB  •.Fin,3, 


( Continued) 


E53 


22S4C 

4 / . " 

10 

.!TJ 

•,Fin,3, 

22550 

4 /." 

19 

tta 

•.Flo, 3, 

223, e 
2237C 

4 /," 

20 

BE 

*.F10.3,3x,"SET  eCUaL  To  zpRO  FOR", 

4/," 

InSgc  (.QuAl  TC  7 |SlAB)"i///> 

22500 

5500  FOpMAy(" 

13 

".Fin, 3, 

22390 

4 / . .. 

14 

DE 

".Flo, 3, 

22400 

4 " 

15 

TT0 

•.Flo, 3, 

22410 

4 / • »* 

16 

TB0 

".Fin, 3, 

22420 

^ / • w 

17 

TSk' 

".Flo, 3, 

22430 

4 /." 

18 

TMt 

•.Flo. 3. 

22440 

4 / , " 

I9 

OF 

".Flo. 3. 

22450 

4 /," 

20 

•.Fin. 3.///) 

22460 

5510  FQpMA.(" 

2l 

".4x.F5.3.3x."uwEN  zEpO  Op  blank. jEj 

22470 

A / # *7 

0 • 30* 

22400 

4 " 

22 

OlApH 

•.Fln.3,3Xi"HHE,.,  Cl  qC  EquA,  ZERq.sET" 

22490 

4 

equal  TC  ,ERG" 

".Fin, 3, 3x. "WHEN  IDPST  mot  equal  2,SfcTi 

22500 

4 

23 

HDPT 

225l0 

4 /." 

equal  TC  ZERO" 

22^20 

22530 

4 

4 /." 

24 

25 

AS 

fSULT 

".Flo. 3, 

".Fin. 3, 

22540 

4 /," 

26 

RS 

".4x,F5.3. 

22550 

4 / , " 

27 

R 

”04yor5«3* 

22560 

5 / 0 « 

20 

Emin 

m04xiF’5o3i 

22570 

4 

29 

ES0 

".4x,F5,3,//z) 

Hill 

5c12  FORMAT!" 

30 

fcuLt 

-.Fin. 3, 

A / 0 " 

3l 

Ftl 

• . fIO , 3 , 

22600 

22610 

4 " 

4 /, " 

32 

Fc^c 

•.Fln,3.3x."sET  Equa.  To  ZBrh  Fcr" 

NONCOmPOSTTE  SECTION" 

22620 

/ 0 *7 

33 

FTENT 

" . F 1 0 , 3, 

22630 

4 / 0 H 

34 

FTENB 

•.Flo. 3, 

22640 

A / 0 w 

35 

FNPS 

•.Flo. 3, 

22650 

^ / 0 

36 

FV 

•.F ln.3, 

22660 

4 /»" 

37 

AV 

•.Flo. 3,///) 

llul 

5=14  FORMAT!" 

h 

NSEC 

".12. 

^ /0  ” 

39 

NgTRL 

".,2,3x."  SgT  eOuAl  to  1 if"* 

22690 

4 / ." 

StrAnD  CAjA  InPuT'OtHErrIsE" 
SET  equal  to  -1". 

22700 

4 /. " 

2271®  < <0  OIST.bMUL  " , . 3 , r.  . 3 , / , 3 ( 1 jX.'Fg  3 , Fg  . 3 , / ) , / / / ) 

22»20  5516  rORMAtC"  4l  WCS  ".f10.3, 

22730  i /.«  42  jC,  •.Fin, 3. 

22740  « /."  43  xNcS  ".Flo, 3,///) 

22750  5510  F0RMAT(„  44  IftC  «,6X;i2, 

22760  i />”  45  STRKS  •.Fig, 3. 

2277O  i /,"  4.  YM  ".FIO.S, 

22700  « /,"  47  Yj  ".f10,3,///) 

22790  5520  FqR^AtC"  4i  ICC  ".6X:i2,/, 

22000  i "42  STRMS  •.Flo, 3,/, 

22010  4 „ 43  YM  «,Flo,3,/, 

22020  4 "44  YE  • Fin. 3.///) 

22030  5522  rORMAT<It,lX,466> 

22040  5524  fORmAtI 1 1.3(ix. i2) • IX* 1 1 > , 3 ) . 3( lx. f5, 3 ) ) 

22050  5525  FOhMAt(Ii.2(1x.F0,3).1x.F11,3.5(1X.F7.3)) 
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Fortrein  Listing  (Concluded) 


1 


22860  ‘>526 

22870  5523 
22880  553o 
22690  5532 
229(50  5534 
22910  5536 

22940 

22950 

22960  3?3i 
22970 

iitV, 

23000 

23010 

23020 

23030  32^0 
23048 


FORMAK  Ii.8(iX,F7,3>) 

FORMAK I, ,,X,F5.3,4(  X.r7.3},4(jX,r6.3) ) 

F0RMAT( II.8(lX,F7.3t7 

r0RMAT(2( |1.1X). i2,4(lx.V5.T,lx»p7.3») 

F0pMAx< I1.3(1x,F7.3>) 

F0RMAT(Ii.iX,Il.3(l».f7.3i) 

PRINT,"  " 

IF(lC.EQ.2)  go  to  323i 

PRINT, "NOTgAfXiT  PRcqPAM  Tq  rURScrT  cRRo^S  IN  n^TA  riLP" 
PgiNxi"  " i.  cv  t u . c 

print, "DO  YOU  WISN  TQ  E^lT  PR0GHAM(Y  oR  ^ ) t f 

REA0(5,932)Y 

IF(Y.tQ."Y")  STOP 

IFtY.EO."N")  UO  TO  3240 

PRInT."  " 

PRINT, CORRECT  RESPQNCF  IS  y AND  N FOR  NO«*« 


GO  TO  3230 

return 

END 


i 
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APPENDIX  F:  CONCRETE  PRECASTING  FACILITY 


General  Requirements 

1.  A typical  concrete  precast  facility  comprises  the  following 
elements : 

a.  Cement  and  aggregates  storage  areas. 

b.  Reinforcing  steel  and  prestressing  strand  storage  areas 
and  fabricating  facility. 

c_.  Forms . 

d.  Concrete  casting  and  curing  area. 

Concrete  placing  and  consolidation  equipment. 

f^.  Means  of  accelerated  curing. 

Lifting  and  handling  equipment. 

h.  Stressing  means  (usually  hydraulic  jacking  equipment, 
etc . ) . 

Storage  area  for  finished  products . 

j_.  Transportation  equipment,  e.g.  trucks. 

k.  Equipment  for  testing  and  inspection. 

Facilities  for  maintenance  and  repair. 

m.  Utilities  (water,  power,  fuel  supply,  compressed  air, 
etc . ) . 

ri.  Storage  and  fabrication  of  inserts,  voids,  picking  loops, 
etc . 

o_.  Burning  and  welding  equipment . 

£.  Shop  engineering  for  shop  and  working  drawings  and  com- 
putations . 

£.  Plant  management  and  administration  office. 

Obviously  some  of  the  items  above  may  be  performed  offsite,  or  by  out- 
side agencies.  However,  the  coordination  of  all  of  these  items  into  a 
manufacturing  system  requires  extremely  careful  planning  and  management. 
Some  principles  and  general  requirements  for  the  concrete  precasting 
facility  are  given  below. ^ 

Materials  flow 

2.  The  flow  of  the  materials  must  be  laid  out  so  as  to  minimize 


F3 
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distance  of  movement  and  prevent  congestion. 

Proper  roads  and  drainage 

3.  In  all  work  areas  and  in  the  storage  area,  proper  road  and 
drainage  must  he  provided.  It  is  extremely  important  to  eliminate  ruts 
or  holes  that  might  cause  a crane  or  forklift  truck  to  tip,  possibly 
injuring  a worker  or  damaging  product  or  equipment. 

Utilities 

U.  The  outlets  for  the  utilities  must  be  conveniently  located  in 
the  work  area.  Boxes  or  guards  should  be  installed  to  keep  outlets  and 
receptacles  d^y  and  clean  and  to  protect  them  from  accidental  impact. 
Adequate  lighting  should  be  provided  for  night  work. 

Conmntnications 

5.  Particularly  from  point  of  concrete  placement  in  forms  to 
batch  and  mixing  plant,  communications,  such  as  a two-way  voice  radio, 
should  be  provided. 

Casting  beds 

6.  These  beds  must  be  designed  to  remain  level  and  true  despite 
repeated  loading  and  frequent  wetting  of  ground.  Height  of  bed  should 
be  set  at  the  best  working  level,  particularly  where  considerable  hand- 
work is  required. 

Proper  storage 

T.  Prestressing  steel,  mild  reinforcing  steel,  and  inserts  must 

be  stored  where  they  will  be  kept  clean  and  dry. 

Hydraulic  Jacks 
and  strand  vises 

8.  Stressing  equipment  must  be  properly  maintained,  cleaned, 
and  lubricated  in  accordance  with  the  manufacturer's  recommendations. 
Quality  control 

9.  It  is  important  to  have  quality  control  for  the  achievement  of 
economy,  schedules,  and  performance.  Definite  inspection,  checking,  and 
testing  procedures  must  be  provided  to  ensure  that  the  product  is  cor- 
rectly produced,  not  only  for  strength,  but  also  for  dimensional  ac- 
curacy (within  prescribed  tolerance). 
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Suggested  Concrete  Precasting  Facility 


10.  The  suggested  concrete  precasting  facility  (Figure  Fl)  for 
producing  prestressed  channel  elements  and  pile  bents  for  the  recom- 
mended precast  concrete  military  bridges  (Appendix  D)  is  composed  of 
the  following; 

a.  Two  parallel  concrete  casting  and  curing  areas,  20  by 
200  ft  each. 


b. 

£-• 

d. 

e. 


£• 

h. 

i . 


Two  stockpile  areas  for  coarse  aggregates  and  one  stock- 
pile area  for  fine  aggregate. 

One  cement  silo. 

One  66-cu  yd,  100-ton  standard  Corps  of  Engineers  aggre- 
grate  batching  plant. 

One  200-barrel  standard  Corps  of  Engineers  cement 
batching  plant. 3 

Four  truck  mixers . 

One  temporary  storage  and  prestressing  area. 

One  storage  area  for  finished  product. 

One  reinforcement  and  equipment  shop  for  fabrication  and 
storage  of  reinforcing  bars,  prestressing  steel,  forms, 
inserts,  picking  loops,  placing  and  consolidation  equip- 
ment, etc. 

One  administration  building  for  administration  office, 
shop  engineering  office,  and  quality  control  laboratory. 
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Figure  Fl.  General  plan  of  concrete  precasting  facility 


4 O' 


4 units  ^ 4‘O-rfe'O' 


HALF  SECTION 


HALF  SECTION 
35' . 40'  AND  45'  SPANS 


25'  AND  30'  SPANS 


TYPICAL  CROSS  SECTION  AT  MID  SPAN 


Fti/  holes  nnth  grnu 
at  f fcd^nd  and 
C if  ornery  at  exp  end' 


^4CI'  spoced<?>ie- 

with  0! ^ 


After  tafera!  tensioning  has  been 
Completed  fill  kejs  with  an  approved 
non-  shrink  grout  with  o high 
2“^  Compressioe  and  impact  resistant 


^ |j] 

r<n  cf  L/nif\i  , 


l*'drip  groove 


/<fy»3e-6^rod,  V 

ihreadedd-m  both  ends, 
m ^‘'^hoie.  each  diapN 


hole  - 

Lateral  Ties  shall  he  provided  througt‘ 
the  diaphragms  ih  the  pcs  t 'yr.s  ind-ca* 
ed  Each  he  shall  be  equivoiei  t tc  a 
l\"  bar  tensicned  tc  4srCCC  cs 

Tensiory  m 1^"  sted  ties  may  be  apphed 
by  a torque  of  approKtmOitcly  &7C  foot  p* 


END  DETAIL  AT  BEARING 


PART  END  ELEVATION 


t void  ■/  "1  tvoid“Eytyroid’3 

I 10"  s_  /c'u 


A-^ter  erection  of 
dect  u/iits.  Cut  ofi, 
/tfT  f p devices  j 
flush  v,,th  Surfiym 
at  concrete  j 


Om,t  vbid  *'3  for  SS.dO'edE 
spans.  Cylmdricol  voids 
mcurb  unit  to  be  continuous 
toll  length  of  unit,  except 
that  ext!  voids  shall  be 
stopped  off  3"  on  either 
Side  of  nading  posts  so 
Os  not  to  interfere  witti 
those  elements  ■ 


When  fhf  decu  un,is  O'C  dkd  ^/Ti ^ s/'u.l  tr  '.fted 
dCvicCi  providre  Ot  ’nc  ends  o1  ir>e  <^nit  Ctrer  types  j 
dev  CCS  may  be  used  prov/dt  a *rty  met  v,  fr  apjk 
of  the  engineer. 


DETAIL  OF  LIFTING  DEVICE 
2 REQUIRED  PER  UNIT 


ALTERNATE  CURB  DETAIL 


,/ 

Adequate  bndge  surface  drainage 
shoU  be  provided  where  required 

1 

Cost  m place  Curb 

3ym  about  4 rood>voy  — >1^ 

^ /X 

Bm  WS  s/ope  - per  ft 

I 


/bctf  0^1 

roil 

'{'K\  . 


f $n  place  curb 


noo.to'oo* 


CONCRETE, Cy 
SfAN  a 2 

{Ft)  DECK  cuxgs  TVfAL 

UNITS 

Type 

•35! 

No 

2S  396 

70 

368 

2 

280 

30  412 

84 

496 

2 

296 

33  S6I 

97 

658 

/ 

392 

40  652 

IN 

763 

/ 

424 

45  863 

124 

961 

/ 

472 

SCHEDULE  OF  MATERIAL  • PER  SPAN 

REINrOHClNG  STEEL  ('■•Bent  8or-j) 


3SI  • ^ 'SSa  5, 

Linut^^'K  A/O  No  I 

’30  7-0  f 3"  24  jE’S-S  - 


SS  -SD!  " ‘4CI  ' 

ISNiTH  No  if/Vtfffi  No  ifNin 

- ea  2 9 62  S-6 

- 72  3-2  72  s -e 

- ea  y 2 32  \s‘6 


Afe  Of 

. Ter/•^  #V  fte- 

iNr/ottr  TTNSiON 


S2  5=6  14  2S-9  /SSO  ■?<S-» 
62  S-6  14  30-9l7Sv\  336 

72  S-e  14  2S-9  2/40  368 
82  \S’6  14  403  2480'  384 


BENDING  DIAIjF^I4SJ48^  dimeos^oni  arc  oof  lo 

^Lpijn  ^ > 

fvoe  2 . . J.  1 ^ L 


Tin 

WiNeiSHT  1 

pep  4 

orcH 

Poor 

u*jir 

SPPS 

Wr 

2S 

77’- 

^ 30 

/07^ 

35 

/44' 

'40 

167’' 

4S 

22.1’ 

2SlrJ0.^xtm  Y*l‘^^‘' 
3S.  40.  e4S'sfioni  - Y 2-1 


WM  grout  r!"  ^ — I poured  rubbcr 

^ and  \ jomt  filler. 


ondj^ 


-Premoldcd  jomf  filler 


GENERAL  NOTES 

Specifications  tAASH.O  Standard  Specifications  for  Highnnay  Bridges*  I96f^  ¥uifh  tentative  rensioris 
for  1961 

Load  H 20-516-44 

Steel  *PeinforceiT)€nt : Reinforcing  at^e!  shall  be  deformed  bor^  of  ntermed  ate  ri^nd  or  rail 
grade  conforming  to  j4S7“td  AlS  or  A 5 7~ M A/6  specifications 

Unless  other<n/ise  noted,  dimensions  re/otive  to  p'ocement  of  reinforcing  ^tee!  are  giren 
to  bar  centers 


—finish  bridge  secrfj 
ponoHef  tv  profile 
grade.  ^"Prcfahncafed 
mosanry  pad  Crer~ 

^'entire  bearing  area 


END  DETAIL  AT  BEARING 


^ Surface  of  concrete 


^hd-  ^ V '2' 9"  A fte 


i 

b ore  ho' 
\tnc  ends 
K proridt'- 

\ 

i 

W LIFTING 
WED  PEi 


’2'9'‘  After  erection  of 
deck  units,  cut  off 
liftif  g dences 
flush  r^4ith  surface 
of  concrete 

■ died  tpi^y  Uiail  Ir  l.fird  by  tbe 
of  the  and  Other  types  of  lifting 
n ■*hzy  nce't  n tn  the  approraf 


LIFTING  DEVICE 
RED  PER  UNIT 


Otructuro/  oteer  ofructurol  steel  transverse  tensioning  rods  shall  Conform  to  A)  O.T fri 
A 36  ~Thfeads  on  tne  rods  shoh  be  cut  to  the  Coorse  Thread  Senes  Class  2*A. 

If  desired,  egu' mtent  rods  •vth  rolled  threads  rnay  be  si^bst-tuted  The  roda 
shall  DC  furr  i.  hed  <ivith  one  heauj  semifinished  hexagon  nut  and  one  bearing  plahs 
at  each  end  The  rods  s-nall  be  shop  painted  with  two  coots  of  red  lead  /non  oxide 
pomf  The  feld  pomt  for  the  c^xpased  parts  at  the  €nds  of  the  rod  assemblies 
shall  Consist  of  one  coot  of  tmted  red  lead  iron  oxide  fo! lowed  by  a f.no!  coot  of 
painty  the  color  at  which  wH  be  specified  by  the  engineer: 

Pretensionmg  Lsteeh  Jnd'viduol  tendons  m oU  prctcns/oned  sections  stall  consist  of  7- wme 
coble  strands  which  hare  a nominal  diameter  of  and  shall  conform  to  AITM  A4I6 
An  initial  tensile  force  of  I4QCO  ibe,  Mihail  he.  applied  to  each  strand  in  all  beams 

Cast  m place  Concrete  - Cost- m place  concrete  shall  oe  Class  AfAC/  rritn  a mmunum  23  aaj  cn>np 
resswe  strength  of  -3000  psi  The  <p/r  ^nfrxnrnfg  agent  shall  meet  rr-th  the  appripu’cY 
of  the  engineer  The  alternate  cur/b  section  wifn  cylindrical  voids , sna.\.n  on  this 
drorruig  if  desired,  may  bc  vsed  m he^u  of  the  sohd  typi.  Curb  The  COf  icrete 
quonhhes  tor  the  oast  m place  curbs  arc  based  an  the  sohd  curb  cteten! 

Precast  Pr  ctc!  ■Sicrc.i  Concrete:  The  r-rnm  mum  compressive'  strength  of  prestressed  concr-ete 
ot  the  age  of  2S  days  shall  be  SOOO psi.  The  design  mm  shall  meet  the  oppravo! 
of  the  engineer  The  minimum  compressive  strength  of  concrete  cjt  the  tr'rans  Per 
of  prestress  shall  be  4000  psi  If  desired  an  admixture  approved  by  the  engineer 
may  be  used  to  increase  the  plasticity  of  the  concrete  mix. 

uroi'iage:  No  provision  for  drainage  ! lOrc  btz^n  made  m these  ploris  Sec  Apprndx  A io> 
recommended  drainage  details. 

Har^yroil  See  Appendix  B for  rccommefided  handrail  details 
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GENERfAL  NOTES 

Specifications  ■ 'y^AStfO  Standard  Specifications  for  Highrroj  &ridges“  l96t  nr/ th 
tentafi^  revisions  for  1961 

Live  Load  H 20-5/6 

Steel  Reinforcement:  Reinforcing  steel  shall  be  deformed  bars  of  mtermed" 
/ate,  hard  or  rail  grade  conforming  to  ASTM  specifications  ///Sor  A/3 
Unless  othermse  noted^  dimensions  relative  to  placement  of  reinforcing 
steel  ore  given  to  bar  centers 

Structural  Steel  Structural  steef  transverse  tens'cning  rods  shall  conform  to 
A STM.  A36.Threods  on  the  rod  shall  be  cut  w the  coarse  thread  .series 
Class  2A  If  deMred  equivalent  reds  mth  m/l&d  threads  mo^  be  sutehtuted  The  rack 
shall  be  furmsned  v^‘fr\  one  f'eavy  semifinished  heragort  nut  and  one 
bearing  plate  of  each  end  The  rods  shall  be  shop  pointed  mth  two 
coots  of  red  lead  irori  oxide  pamt  The  field  pamt  for  the  ejr posed parh 
at  the  ends  of  ine  md  assemblies  .shall  consist  of  one  coat  of  tinted 
red  lead  ,ron  ax  de  followed  tj  a hma!  coo/-  of  p>a/rit  the  color  of 
which  shall  be  specified  by  the  engineer 

Pretensioriing  STed  Indr/dua!  terdoris  in  a! / prstensioncd  seef/ons  shall  consist 
of  seven  -wire  coble  strands  nh  ch  hove  a nornmo!  d/omeier  of  %“  and 
shaft  Conform  -ho  A3TM  A4l6,w/th  on  apphed  initial  tensile  force  of 
14000  lbs  per  strand. 

Cast  -m  place  Concrete  Cast  m place  concrete  shall  be  Class  A (AD)  w/th  a min- 
imum 2d  day  compressive  strength  of  2000 psi  The  am  enfr'Onnmg  agent 
shall  n.cef  with  the  appx-ova/  of  the  erigmeer  Cylindrical  voids,  placed 
os  shoivr\j  may  be  used  in  the  Curbs  if  desired  yhe  concrete  quantd.es 
for  the  cast  m place  Curbs  are  hosed  on  the  solid  curb  detent  AH 
exposed  corners  are  to  oe  chamfered  ' ur>iess  otherwise  noted 

Precast  Pre  tensioned  Concrete-  The  minimum  comprtess/ve  strength  of 
prestressed  concrete  at  the  age  of  23  days  shall  be  SOOO  psi  The 
design  mix  shall  meet  the  approval  of  the  engineer.  The  minimum 
compressive  strong -fh  of  concrete  at  the  transfer  of  pre stress 
shall  be  4000  pst  Tf  desired  on  admnrture  oppnoved  by  the 
engineer  may  be  used  to  increase  the  p/asticify  of  the  mix. 


Lateral  Tfnsioning:  Lateral  fes  shoH  be  provided  through  the  diaphragms 

u)  the  positions  indicated  Each  he  shall  be  equivalent  tc  o lf^‘  A 36  steel 
bar  tenstoned  fc  S^'ipoCIbs  Tension  m steel  bars  may  be  oppLed 
by  a torque  of  opprex/motely  HOO  foot  pounds. 

Handling  Rretennaned  Deck  Units  i When  the  deck  un.ts  are  handled  they  shall 
be  lifted  by  the  devices  provided  in  the  tops  at  -the  enas  of  the  un  is 
Other  types  of  lifting  devices  than  those  shown  Cn  the  plans  may  be 
used  orovtded  they  meet  with  the  approval  of  the  er,gineer 

Drainage  No  provisions  for  dromoge  have  been  mode  m these  plans  See 
Appendix  A for  recommended  dromaqe  details 

Handrail  See  Appendix  B for  recommended  hondrod  detals. 


Figure  G3.  Sections  and  quantities 
of  standard  precast  prestressed 
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GENERAL  NOTES 


O^sLnm  Spr-ciPCiT^fions  ■ ^A/SHO  Shtrx-fe^r-d  Sf'^ci'fi'cohons 
'^“for  Highv^OU  Sf''d<rjes" , !SGt,  wifh  r'C^^'sr'ans 

for  r9Gt . 

Design  Deocf  Load.  IS  psf  of  roodwatj  included  for'  fufurf. 
yfY^nr^’f-.g  sw-foce  . 

Design  Live  Load  H t5  for  Z4  roadwng,  HZO-SiC  for  28' 
rondwoy. 

&enrr\  Sections  : Tf>e.  sections  of  pre-stressed  mm  'hors 
sfxown  gn  tt^.  pfons  are  the  standard  prestre.ssed 
sections  etdopi^d  t>c/  the  dotht  Committed  of  AASdO 
erd  the  Prsstressed  Concrete  Institute  . 

Precast  Prestrer.ed  Concrete-.  The  minimum  compres.' 
sive  strength  of  prestressed  concrete  ot  the  ngs 
of  23  di'n.js  shot!  be  5,000  psi.  The  design  mix 
shall  te  os  approved  hi.j  the  emmeer . Thr.  rr  .inlrnirr) 
('orrpressive  strength  of  concrete,  a*  the  f^nrtj  fer 
of  prestresr  shall  be  as  called  for  on  the  plans 
for  the  vor'ious  designs,  but  shall  not  be  less 
fhort  4,000  psi  • 

Coet-in  place  Concrete . Cast  ■ In. place  concrete  shall 
be.  Class  A fAf^  wi*h  a minimum  CS-dr>\f  cornprgs- 
5/vr’  strenafh  fc  - 3,000  psi.  The  cf'r  entrainirvg 
ocyent  shall  rf\eet  vnth  *he  approval  of  *1^  er-a-neer . 

Reirif  trcerr>r.nt  Cteef : Reintarrm^mt  r.tmf  sho^l 

deformrj  tcyns  of  in*r,rrn^iatc^  hard  or  rgfi; 
grade  confonming  to  AST  M Specification 
A 15  or  A 1^. 

Pretensioning  Ste-'.l:  Ind’vidua'  fr-.rid'ins  irtaU prc- 
Pensioned  des-gns  shaft  cor>i:ist  of  high  tenr-'e 
r>fr-ena*h  T • wire  strands  ccrJOr'r  ,if\g  <‘>  *he.  re- 
gtttren-rf’ifs  of  A3T^  Design,** ’’on  A4IG.  In 


tt>fi  derigr.c  t^hich  hav^  deflected  strand s.  omp, 
er  allow  ^nrti  mt/st  be  rnadr.  in  tcr^S'Oriina 
Strand:'  so  as  to  (.jield  thg  required  initial  ters  'on 
a**c.r  it .e  strands  are  ;rv  the  de*‘f'^c^ed  fosition. 
The  init  'al  fet'isHc.  fo^'ce  applied  *o  cdch  Ic  inch 
strortd  shall  be  '3,900  tb.  Thn  indiat  ter,zi'e 
force  applied  to  each  ^ inch  strand  sh  ,11  be 
25,200  lb. 

Post -Tensioning  Steel : The  proposed  tgp-'S  of  tendor^i 
which  will  be  used  in  the  post ■ fensior*ed  drs  gnc, 
oH  necec:.a'‘y  additional  details  ir>cludittg  *hosc 
fb'-end  anchorages,  methods  to  be  emp/otyed,  and 
procedures  to  tc  followed , shall  he  as  apprmved  ty 
the  engineer.  A portion  of  the.  tendons  shall  be 
draped  longitudinally  in  p^irobolic.  p*o&itions,  AH 
tendons  shall  be  placed  so  tt\“>t  t*-'ieir  center  o^ 
gr  avity  viH  bit  at  tf,e  position:  shown  or')  p'ms. 
Tt>e  total  re  faxed  po<*  - fan.' ion  fo’~ce  r^c\uired 
at  rn'dsp>ar>  shall  be  prav^ided  as  caf'ed  for  in 
the  i/arious  designs  . The  raguirecd  •'einxe.d 
forces  sh.-iff  bo  obtained  by  applyir'.g  initial 
tensile  forces  of  Si/ffic.ntnt  m.^anitude  to  al'ow- 
for  oH  Subseguen*  fosses,  including  those  for 
elastic  deformation,  rht-i'nkaae , mrro.  friction, 
and  efficienctj  of  end  anchornaes . Af*nr  re-cur- 
ing the  ei-vd  anchorages  all  tendonr  shall  be 
pressure,  grouted  in  their'  corduitr,  in  accorionoe. 
With  " BpcCfficutionS  " . 

Handling  P^'e-strassed  Concr-'te  Ph-^rnr:  Tt->e  be.o-ns 
shall  he  mainioinr-^  ir-  ar  upright  pOMt-'on,  emd 
rhallbe  lifted  by  ttir  .levic-'S  nr'Ovfded  -n  the  *oc> 
ffO'^i  ir.i  a*  the  e.nt:  of  Ih-^  heary'S-  0*t'ier  tucr.s 
of  I'ftin  g dr.\‘:c-‘  *haf  ^ho~e.  showi  or  *he  r*.'-vs 
moKj  he  used,  pr'ovided  they  •nee.t  v/dh  *he 
aeproval  of  thie.  engineer  ■ 
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SUMMARY  OF  QUANTITIES  FOR  ONE.  SPAN 


REINFORCING  STEEL  SCHEDULE 

, AND  DtAPHRASMS 

* 4 Dr  * 3 C Z *S  D 3 
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each  anchorage  of  the  post- tensioning  system. 
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Figure  GIO.  Beam  sections  and 
elevations  of  standard  precast 
posttensioned  I-girder  bridges 
( spans  60  to  90  ft ) 


I A 'o' 


^d'  O’C/rdr  ^o<idwef^ 
Z^  'O"  Clear  Roed<Ney 


^ i^''0  To  t Road^ 
30  Spa  # 5^  "*  /j 

2*' O'  j. 


Beam  Sp<3Cing 


Slotted  holes  ^ _p M Pi  Tor.  'z“  (J>  bolts  ^|j'0' 


xfrs  for  temperature  adjustment 


yST  6' X ZO"'  4'  3h//7?s 
Slotted  holes  t I'z 
for  bo/t.s 


TYPICAL  PLAN 


Clear  Roadv^ay 


Slope  ^le’  per  foot 


Strap  anchors  / 
-L6'x4'jt^Q' 


SECTION  A-A 


TYPICAL  ELEVATION 


SECTION  B B 


\ Slotted  hole  I'z  m UM  P/ 

,|  'Tield  nut  to  L,  rernove  bolt  immediately 
\after  concrete  has  initial  set^n^ //// 

[ ¥v///i  hof pccynrd rui>.-jer  cr-^r^ymer  Uf^  Pi  9 
/“  Bar  /V  V Pi  6*1  ■»«* 


Slotted  hole  ^litl'i'inUMPI 
weld  nut  to  I,  remove  bolt  :mmedi3te^ 
after  concrete  has  initial  set  <3ne/ P/// 
jvifh  hat ocuned ratb^-'orpolymer 
— Bar  I'x  ■%* 


Normal  Temp  S'  S'z'  Z’ 


Normal  Temp 


Strap  anchors  l'4  *■  ‘4' xl'~0 
e Z'‘0't  ctrs  , stagger 


ST  6 r . 
Shims 


-sre'xZO' 

■'~Shirns 


3^6*l^0’ 

Shims  ~ 


Slotted  holes 
ST 

for  bolts  i 


Slotted  holes  ^id’^li-’ 
in  ST  for  -V  bolt's 

' hrg  stiff- 


Shfted  holes  * I'i. 
in  ST  for  <t  bolts 


SECTION  AT  ABUTMENT 


SECTION  AT  PIER 


TYPICAL  PLATE  EXPANSION  DAM 
(EXPANDED  LENGTH  UNDER  200  FT.) 


DETAIL  D 


PLAN  OF  RECESSED  ROADWAY  DRAIN 


Location  of  Drams  Profile  grades  ram^afl 
intensity  and  /eng*h  of  3pan  should  govern 
the  location  and  spacing  of  drams  Cons  deraft 
should  be  g ven  to  dele^mg  deck  drams  on 
continuous  structur  cs  it  is  feesable  fo 
haridle  alt  the  water  w<th  a su-tatle  dri 
on  the  approach  embankment  as  indicati 
on  the  layout  of  typical  cont  nuous  brrd\ 


mm 


Pipe  dram  -r. 


Prestressed 
beams  - 


Strap  fet'd 


SECTION  E E 


SECTION  F-F 


DETAILS  OF  RECOMMENDED  ROADWAY  DRAINS 


'Ph 

n 

c 

• 

-0"  ' 

/'  a — 

^ 

c 

-ni 

“-=7- 

1“ 

Slope 

U- 

to  dram  N. 

Kr 

E 

i- 

1[ 

-V 

W : 

/ 

hjo>  ^ 

, • 

i; 

f 

I 

r 


Syfy^ni  about  » 


^Slotted 


lAlifliifli 


sSiffe  enlarged  Defat!  t 


i?5  9 S'z'-  H'-S'z 

TYPICAL  PLAN 


ctrs  , v^e/d  nuts  to  P!  ^remove  bolts  a^teq^  concrete  t><9s 

a ! ' /feeJ^  >ve^ -^stdes 


Cut  from  P/  /5  //V 


Extended  curb^ 
(at  piers) 

SECTION  B B 


typical  elevation 


1 

: 

wmcdietelt/ 

p""'' 

W-o- 

a*'- 


/O'  , S't 

Norma!  Temp  ^ 

i X 

iB'il'i- 


PI  S\ 


JO’  , 

Normal  Pom^ 


ST  (,’<10'-  ^ 
■Ethirns  ~ 


Slotted  ho/es  x rz 
m ET  for  bolts 


ZU  ' V ■ f o'/derhea/) 
'2*4  X '4  il'‘0'  Strap 
anchors  9 / ctrj^ 
.stagger 


AT  pier 


'l  PL  -L.. 


\j: 


U M PI 

1— J 


DETAIL  0 


TYPICAL  TOOTHED  EXPANSION  DAM 
{EXPANDED  LENGTH  OVER  200  FT.) 

Specifications  AASHO  Standard 


SECTION  .AT  ABUTMENT 


\cf  Drams  Profile  grades,  rainfall 
and  length  of  span  should  govern 

and  spacing  of  drams  Consideration 
given  to  deleting  deck  drams  on 
structures  if  it  iS  feasable  to 
all  the  water  with  a suitable  dram 
\Spproach  (embankment  as  indicated 
tagout  of  typical  continuous  bridges. 


DETAIL  C 
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GENERAL  NOTES 

Specifications  for  Highway  Bridges  1361.  wth  ten- 
tative revisions  for  1961 
Pamt . All  structural  steel  m expansion  aams  shall  be  given  one  shop  Coat  of' 
red  lead  iron  onde  pamt  Surfaces  m contact  with  concrete  ^haH  not  be. 
painted  Surfaces  maccessible  after  erection  shall  be  given  thre^  coats  of 
pamt  tn  the  shop  Field  pamt  shall  consist  of  c<ne  coot  of  tinted  rva  lead  iron  oxide 
pamt  followed  by  one  finish  coat  of  aluminum  or  light  graven  pamt  AH  pamt 
and  workmanship  shall  confom  to  AASHO  Standard  Specif ic of /oris  for 
Highway  Bridges,  and  sper/A.' enavs-ans  for pafnh 
Siructural 5*eel  Sh  stee/  sh^.',‘ he  d 36  co*’*fd'‘rnir'g  to  ‘ST.'.t  -ASC.  A.  " bc'ts 

stia'!  cc'fcr-  ■)  tc  A5f\1  A3C7- 
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Figure  Gil.  Typical  details  for 
expansion  dajns  and  recommended 
roadway  drains 
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PART  ELEVATION  OF  CONCRETE  RAIL 


1 1 

ij-  - 

n 

; 

k' fi/JtSi  1 

n :«  — — 1 J 

%£.5 ptp^  C''i>sh^d 


rcci'QngulQr  roil  or 


nof'ch  post" 


/3  •/■O'dd^s 

^ {see  detail B) 


RAIL  ON  parapet 


t /-  X ^o/e 
i2-  4'V  hofes 


RAIL  ON  PARAPET 


3 RAIL  SYSTEM 


u 

* 1 i 

{ . 

BASE  PLATE  DETAILS 


Design  Specifications  : See  following  sheei  tor  design  procedure 
and  specif cotions 

uoading  See  following  sheef  for  loadings  of  types  C P ( V 
rolling  systems 

Structural  Steel:  sfrucfura!  sleel  sBall  conform  to  ^STT^ 

spectficahon  A 36  and  ASS.  grade  S /'grade  A for 
oro!  rails). 

Concrete.  Concrete  cost- m place  nad  e posts  shall  Be  Class 
/ /AC).  A/r  entroinir.g  agents  shoU  meet  wnth  the  approval 
of  the  engineer 

Reinforcing  Steel'  Reinforcing  snail  be  defor/ned  infcrmediote 
grade  steel  conformir^  to  ASTtA  spec.  A 15.  Oimen- 
sions  relating  to  spacing  of  reinforcing  steel  are  to 
centers  of  bars 

Anchor  Bolts  Anchor  Bolts  shall  conform  to  ASTtA  spec 
A3BS.  AH  anchor  bolt  ossemtUes  shall  be  galranieed- 
AH  anchor  bolts  shot!  have  a final  tensile  ^rce  equal 
to  to  % of  the  rninimum  proof  load  opph'ed  to  them. 
This  may  be  done  by  applying  approximately  2SOff-/bs 
of  tongue  to  <^nd  750  ft  /bs  of  tongue  tp 

bolts 

Ro/nf  Alii  structural  steel  shall  be  given  one  shqo  coat  of 
red  lead  iron  oxide  pomt  Inside  of  ra*l>ngs  shoU  be 
given  one  cocrt  of  point-  m the  shop  Teld  pram*-  shall 
consist  of  one  coot  of  tinted  red  lead  iron  oK<de  paint 
folhu/ed  bg  pne  finish  coot  of  aluminum  or  tight  green 
pamf  Ail  pamt  and  morkmansh/p  shall  con  forn  to  the 
HASHO  Standard  Specifications  for  Higtnuag  Qndges 
and  the  special  pnonstons  far  pamf 


Figure  G12.  Typical  details  for 
bridge  railings 
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Flgiire  HI  (sheet  2 of  2) 


Figure  H2  (sheet  2 of  3) 


Reinforcement  may  be  specified  to  project  from  the  pile  into  the  cap  or  When  driving  into  rock  or  hard  sVata, 

footing.  If  so  required,  attachment  of  the  pile  to  the  cap  or  footing  may  either  Tvoe  I or  Tvoe  II  alternatn  hn<l 
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Figure  H2  (sheet  3 of  3) 


1.  The  typical  design  requirements  (e.g.  diameter,  wall  thickness, 
compressive  strength  of  the  concrete,  and  the  sunount  of  circimferential 
reinforcement)  for  reinforced  concrete  low-head  pressure  pipes°^  are 
given  in  Table  II.  The  class  of  pipe  given  in  this  table  for  combined 
external  and  hydrostatic  head  is  based  on  a field  installation  procedure 
at  least  comparable  to  one  of  those  described  in  ASTM  C 36I-76.  ^ Where 
the  designer  does  not  expect  to  attain  such  an  installation,  a detailed 
design  analysis  of  the  pipe  should  be  made  taking  into  consideration  the 
anticipated  external  loading,  hydrostatic  head,  and  installation 
procedure. 


( Continued) 
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In  accordance  with  letter  from  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 
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